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CHAOS-COMPLEXITY THEORY AND 
EDUCATION POLICY: LESSONS FROM 
MALAWI'S COMMUNITY DAY 
SECONDARY SCHOOLS 



Happy M. KAYUNI 

University of Malawi, Republic of Malawi 



Abstract. Since the democratic dispensation of 1994, the education 
sector seems to be in perpetual transition with numerous facets of policies be- 
ing introduced against a background of alleged poor management, under- 
staffing and a poorly paid cadre of teachers. The situation was at one time lik- 
ened "to a patient on a resuscitation bed in a hospital". Despite this seemingly 
chaotic and complex scenario, the education system has managed to survive. 
Using the Malawi Community Day Secondary Schools (CDSS) policy, the 
paper intends to draw some insights from public policy's Chaos and Complex- 
ity theory to explain why the education sector still manages to survive and 
show resilience (on the "edge of chaos") despite the apparent overwhelming 
challenges. 

Keywords: education policy; Malawi; Community Day Secondary 
Schools (CDSS); chaos-complexity theory; participation 



1. Introduction 

The Ministry of Education, Science and Technology is one of the larg- 
est in Malawi and over the years it has been experiencing numerous chal- 
lenges that have largely been analyzed in the academic literature (Kayuni & 
Tambulasi, 2007; Rose, 2003a, 2003b). ' 2) In order to among other things, en- 
hance participation and improve secondary school access, Community Day 
Secondary Schools (CDSS) were established in 1998. However, this move led 
to a "crisis" in the secondary school education especially in the areas of qual- 
ity and relevance of the education being provided. The available literature lim- 
its the discussion over the issue to micro policy implications; hence it does not 
extend this analysis to the wider system policy theory domain. The paper in- 
troduces the chaos-complex policy theory in order to contextualize this CDSS 
policy decision. Chaos theory argues that in most complex systems, despite a 
seemingly chaotic and confusing scenario, there are patterns of order which 
are achieved in the zone of what is referred to as "edge of chaos"- this is 
where they best deliver. In this case, from a casual observation, public policies 
applied to complex systems may be deemed to have failed when in reality 
there is a self-regulation scheme in operation that ultimately assists the system 
to deliver. On the whole, the paper argues and demonstrates that the Malawi 
education policies have to a larger extent driven the education system to the 
"edges of chaos" where it is arguably "thriving". 

In order to enhance clarity of the paper and provide a proper setting, 
the paper starts by analyzing the concept of chaos-complexity theory and this 
is followed by a discussion on the global context of education policy and re- 
form as well as policy making in democratic Malawi. The third section ana- 
lyzes the education policy in Malawi after 1994 and establishment of Com- 
munity Day Secondary Schools followed by a critical analysis of the policy 
crisis/chaos within the Community Day Secondary School sector. Before con- 
cluding, the last section provides the underlying order within this crisis. 



2. Chaos-complexity theory 

Although the chaos-complexity phase in policy analysis can be traced 
back to some years before mid 1990's, its impact has largely been recognized 
in the 2000's. Taking into consideration the multiplicity of policy actors, it 
became clear to most policy analysts that the policy environment is more 
complex, unpredictable and confusing akin to chaos. However, the chaos- 
complexity theory gives an "appreciation, not distrust of chaos and of uncer- 
tainty, stressful times" and it further stresses that "real change and new struc- 
tures are found in the very chaos they [managers or policy makers] try to pre- 
vent" (Overman, 1996). 

In order to fully appreciate the relevance of chaos-complexity theory a 
brief analysis of the development of the concept as well as its relation to sys- 
tems theory, and finally, unpredictability and crisis is discussed below. 

2.1 Development of the concept 

The name "chaos theory" comes from the fact that the systems 
described are apparently disordered, but it goes further by finding the 
underlying order in apparently random scenarios through its extension to 
analysis of complexity theory. The first person to realistically experiment in 
chaos was a meteorologist Edward Lorenz. While working on the problem of 
weather prediction in 1960, he discovered that the data produced by his 
computer, despite its seemingly chaotic nature, showed some patterns that 
could meaningfully explain certain developments. Through analysis of this 
data, it was revealed that a small change in the weather (which could initially 
be regarded as negligible) in one city can exponential have devastating effect 
in another far way city (Kershaw & Safford, 1998). This was popularly known 
as the "butterfly effect" or "sensitive dependence". In this case, a small 
change in the initial conditions can drastically change the long-term behavior 



of the system. Therefore, "chaos is a system theory that attempts to understand 
the behavior of nonlinear, unpredictable systems" (Bechtold, 1997). Origi- 
nally, the concept was successfully applied in the natural sciences such as 
chemistry, biology and physics so as to enhance understanding of certain 
emerging trends in those fields. Over the years it was also noted that most so- 
cial science disciplines tend to be confronted with characteristics of non-linear 
and unpredictable phenomenon. Consequently "this recognition has led to a 
surge of interest in applying chaos theory to a number of fields" (Levy, 1994) 
and these include international relations, economics, management, education 
and policy analysis. 

2.2. Chaos and policy systems theory 

Chaos theory is not completely new in policy analysis. Policy systems 
theory, which is one of the core perspectives in policy analysis, forms the ba- 
sis of chaos theory. As Overman (1996) observes "chaos theory has its roots 
in simple systems theory and owes much to this now- familiar approach"; 
however, chaos theory has been developed further by generating its own per- 
spectives to the understanding of policy processes. In general, a system is a 
set of parts that interact with each other and function as a unified whole. Pol- 
icy systems approach argues that government or decision makers receive in 
puts inform of demands or support from the social, economic and political en- 
vironment which they process and make decisions or policy actions which are 
referred to as outputs. This output may also ultimately be regarded as input 
through the feedback process. Policy systems approach argues that it is the 
goal of the system to achieve and maintain the state of equilibrium so as to 
ensure policy stability and progress, i.e. the inputs should balance with the 
output. Chaos theory, however, argues that policy stability is rarely achieved 
and should not necessarily be the goal of a policy system. More often than not, 



policy systems are in a state of disequilibrium which leads to a seemingly 
chaotic situation. In this way, chaos theory is an evolutionary system theory. 

The link between chaos and complexity is a little bit tricky as it dwells 
much on an abstract academic construct. This is complicated by the fact that 
"the literature on complexity science gives little detail to understanding "com- 
plexity" itself (Medd, 2004). This is even clear when it is noted that there is 
"difficulty of giving definitions and measurements of complexity" (Medd, 
2004). Consequently the link between chaos and complexity has always been 
problematic. However, Luhmann (in Medd, 2004) argues that "we live in a 
world in which it is not possible to connect the totality of anything". The link 
with complexity comes about because chaos "sees a system as continuously 
transforming itself to a higher level of complexity, making changes that are 
irreversible"; in this case, "though a dynamic system may appear to be cha- 
otic, its identity, history, and sense of purpose (strange attractor) define its 
boundaries and guide its evolution and growth" (Bechtold, 1997). As Cohen 
& Stewart (1994) suggest "one of the great surprises of chaos theory is the 
discovery of totally new simplicities, deep universal patterns concealed within 
the erratic behaviour of chaotic dynamical systems." Specifically, complexity 
is ultimately achieved when a dynamic system which is self-organizing (in 
how it orders and structures itself) grow and change. 

The assumed progression in chaos-complexity theory is that a policy 
system starts at an optimistic level of high predictability and "as the predict- 
ability horizon is approached, however, small uncertainties will begin to creep 
into the system which will tend to bend or distort the rules on which we base 
our predictions"; ultimately "the uncertainties will be self accelerating and 
lead, inevitably, to a point of rapid transition into chaos" (Bechtold, 1997). 
The edge of chaos is somewhere between order and disorder or between a 
chaotic and complex situation (Cloete, 2004). According to chaos-complexity 
theory, this is the best scenario for an organisation or policy system because 



there is a higher degree of "creativity and innovativeness" (Praught, 2004) 
hence the term "thriving on the edges of chaos". Bechtold (1997) aptly de- 
scribes this situation by arguing that 

[A] system betters itself, creates its own future, and continuously 
adapts to its environment based on its intelligence and information. 
For this, it needs to tap not only its more stable parts but also those 
at the "edge of chaos" that are chaotic or even dissipative. Through 
the freedom of operating with an open flow of information from its 
"edge," it stays connected to its simultaneously evolving environ- 
ment and enhances its ability to handle environmental changes. 

Table 1 summarizes the key components of the traditional, chaotic and 
complex policy situations as already discussed above. 



Table 1. Differences amongst the traditional, chaotic and complex policy 

situations 



Traditional policy system 
and rational approach 


Chaotic policy situation 


Complex policy situation 


Control 


Chaos 


Complex 


Order 


Disorder 


Order within chaos 


Objective 


Subjective 


Interconnected 


Safe 


Unsafe 


Dynamic 


Certain 


Uncertain 


Adaptive 


Predictable 


Unpredictable 


Pattern 


One best way 


Any way 


Multiple approach 


Structured 


Unstructured 


Codetermined 


Equilibrium or homeostasis 


Disequilibrium 


Dissipative Structures 


Holism: the whole is equal 
to the sum of the parts 


Irreducibility 


Inexplicable by the parts 


Feedback 


Irreversibility 


Self-regulating 



Adapted from Darwin (2004); Overman (1996) and Cloete (2004) 
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2.3 Unpredictability and crisis: the core processes in chaos- 
complexity 

In relation to policy changes, Parsons (1995) argues "the student of 
public policy faces a complex and contradictory body of analysis". Grindle & 
Thomas (1991) add that "all policy choices thus involve uncertainty and risk". 
This uncertainty and risk is heightened by the fact public policy analysis is 
shrouded in what Nagel & Treaser (2004) call three methodological problems. 
These three methodological problems are: (a) complexity which leads to prob- 
lems associated with multiple conflicting criteria and conditions of multidi- 
mensional measurement; (b) uncertainty of the consequences of current deci- 
sions; (c) effectuality or how to ably communicate in a persuasive manner 
hence convince public policy makers. Based on the three observations by Na- 
gel & Treaser, uncertainty is probably the commonest problem that policy 
makers and analysts are confronted with. Taking into consideration the asser- 
tion by chaos-complex theory that even a small change in the policy "can have 
big effects that will result in unexpected outcomes as complex systems change 
overtime" the manifestation of a crisis can not be underestimated. Referring to 
change in the American policymaking, True et al. (1999) initially claim that 
"stasis, rather than crisis, typically characterizes most policy areas", but they 
later admit that "however, crises often occur". Embedded in this crisis is 
chaos. In the context of post-secondary education system in USA and Canada, 
Kershaw & Safford (1998) state that "chaos appears to reign" and this state 
will "best be understood with reference to chaos theory". 

Crisis forms a critical element in policy process and according to 
chaos theory, crisis ushers an institution or the policy issue to be rightly 
placed: on the edges of chaos. Grindle & Thomas (1991) argue that "if elites 
perceive a crisis... the issue will command the attention of senior policy mak- 
ers" and in this case "their decisions are likely to be more radical or innova- 
tive than when a crisis does not exist, and action will often come quite 
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quickly". On the other hand they add that "if there is no perception of crisis, 
the stakes for government are lower". In relation to the education sector, this 
is why "the science of chaos tells us that signs of disorder might well be signs 
that the system of education is healthy and on its way to a much improved 
new order" (Sullivan, 1999). 

3. Global context of education policy and reform: role of the 
World Bank 

One of the major roles of research is that it helps guide the formulation 
as well as revision of any particular policy. In developing countries, there are 
several limiting factor to extensive research. Due to scarcity of expertise and 
lack of government funding, education research in developing countries is in 
most cases initiated and financed as well as conducted by international donor 
agencies- the World Bank is the leading agency in that respect (Boyd, 1999). 
According to Boyd (1999), the World Bank's education policy research find- 
ings have a profound "intellectual and political influence" in the developing 
countries. As correctly observed by King (1991), "one reason for the wide- 
spread knowledge of the research findings of the Bank is that their reports are 
relatively easily available at little or no cost" and in addition to this, "they 
constitute the state of the art". Probably of greater significance is the fact that 
the Bank's research reports "fill a major gap" in scarcity of educational litera- 
ture "that looks across a region or continent" especially in Third World coun- 
tries (King 1991). 

Other influential agencies that have an influence on education policy 
are the United States Agency for International Development, the British Over- 
seas Development Agency now called DFID, various UN agencies (such as 
the International Labour Organization, UNESCO) as well as donor countries 
such as Canada and Sweden (King 1991). Due to the enhanced relationship 
amongst the donors, the World Bank is seen as a coordinator and plays a lead- 
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ing role in influencing the development of educational policy (Lauglo 1996, p. 
221). Above all, other donor agencies often tend to rely on the research find- 
ings of the World Bank to develop their own funding criteria (Lauglo 1996). 
The process of developing education policies can be said to follow three 
stages which are theoretical development, experimentation and finally gener- 
alisation (Ruperez, 2003). To a larger extent, the World Bank in developing 
countries seems to have powerful control of the theoretical development of 
educational policy. It is often seen in terms of "international expert." Conse- 
quently, "on some debates about education, the signals broadcast from the 
agency (i.e., World Bank) perspective are so powerful, it is difficult to hear 
the local voices at all" (King, 1991). 

The notion of community participation had been advocated by the 
World Bank back in 1986 (Mundy, 2002). The World Bank in 1986 developed 
an "in-house policy note" titled Financing Education in Developing Countries 
in which three main issues were highlighted for educational reform prescrip- 
tion (Mundy, 2002): (1) recover the costs of higher education through user 
fees and reallocate these resources to the primary level; (2) develop a credit 
market in higher education; (3) decentralize the management of schools and 
encourage private and community schools in order to increase competition 
and generate a demand-side push for better quality and efficiency (emphasis 
my own). 

Significantly, despite Mundy 's (2002) remarks, these three issues have 
recurred (either directly or indirectly) in several other World Bank policy pa- 
pers. 

Apart from the World Bank, most other international organisations 
also encourage community participation in education. For instance, 
UNESCO's 1996 report, Learning: The Treasure Within* report emphasizes 
that the success of educational reforms mainly depend on local communities 
(including parents, school heads and teachers). The report adds that top-down 
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approaches have failed to bring about positive change in education hence calls 
for decentralisation in the education system. 

However, the World Bank's policies in education have been the sub- 
ject of criticism from several quarters. It is not surprising therefore that "the 
views of the Bank on many matters in the education sector, and on Third 
World economies more generally, are highly controversial" (King, 1991). 

4. Policy making in democratic Malawi 

Malawi's policy making process during the one-party era was highly 
centralized with the executive and the Malawi Congress Party (MCP) conven- 
tions taking a leading role in setting the agenda for policy formulation. Multi- 
party politics embraced in 1994 witnessed an opening for multiple players in 
the policy formulation process such as the media, NGOs, political parties etc. 
Although formally the Office of the President and Cabinet (OPC) has mandate 
to coordinate policy formulation in the country, Chinsinga (2007) observes 
that it is still very difficult to fully determine the specific institutional frame- 
work for policy formulation in the country. Chinsinga (2007) identifies the 
main actors in policy formulation as mainly being composed of the executive, 
the government bureaucracy, and international donors- in this case the donors 
are the most influential because Malawi is mainly donor dependent. An im- 
portant observation made by Chinsinga (2007) is that the policy making proc- 
ess in Malawi is complex and tends not to follow the policymaking cycle 
model which is depicted in policy literature. 

5. Education policy in Malawi after 1994 and establishment of 
Community Day Secondary School 

In terms of policy, the notion of community participation in education 
is well entrenched through the Malawi Vision 20:20, Poverty Reduction Strat- 
egy Paper (PRSP) and the Education Policy Investment Framework (PIF) pa- 
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pers and the Poverty Alleviation Paper (PAP). The Malawi Vision 20:20 , s 
section 1.5.3 points out that one of its strategic challenges is "how to 
strengthen self-reliance and community participation in local development 
programmes". Section 1.5.10 of Education Policy Investment Framework 
(PIF) mentions that "The Ministry will thus encourage the strengthening of 
the participation of parents and other local stakeholders in the financing and 
governance of individual schools..." However, when the policy was being 
formulated, key stakeholders such as parents, local NGOs, Teachers, and 
School Committees were not adequately consulted (Rose, 2003b). Some of the 
objectives of the Poverty Alleviation Paper (PAP) are: "to improve the access 
of the poor to priority services and to enhance the capacities of the local 
communities in managing development" but in keeping with similar docu- 
ments elsewhere that are part of SAP policies, little in the rhetoric suggests 
that the burden of payment is to be placed on the poor/rural recipients of the 
policy. 

As already mentioned, the establishment of Community Day Secon- 
dary Schools (formerly Distance Education Centres) was seen by government 
policy makers as essential to broaden access to secondary school education for 
most primary school graduates. All government secondary schools that are 
centrally controlled are referred to as conventional secondary schools. How- 
ever these were seen as expensive to run and they are also few in number. In 
order to increase the number of secondary schools so as to effectively absorb 
the growing number of primary school graduates, the government policy deci- 
sion was to introduce Community Day Secondary Schools. Initially, the few 
existing Distance Education Centres were converted to Community Day Sec- 
ondary Schools. Later on the communities were given the authority to con- 
struct Community Day Secondary Schools in their locality with minimal gov- 
ernment assistance. Specifically, the official announcement in 1998 by the 
government/Ministry of Education, in relation to creation of Community Day 
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Secondary Schools was as follows: (i) all DECs would henceforth be known 
as Community Day Secondary Schools (CDSSs); all CDSSs would fall under 
the Ministry of Education, as do conventional secondary schools, and not un- 
der the Malawi College of Distance Education; (ii) ultimately, student selec- 
tion for CDSSs would be on the same basis as students to other normal secon- 
dary schools; due to time constraints the intakes for Form 1 students in 1999 
would be selected by the MOE but in subsequent years selection would be 
phased to the district level with direct community involvement within the dis- 
trict in the selection process; (iii) the Ministry of Education would begin the 
deployment of Diploma and graduate teachers to the CDSSs; (iv) all CDSSs 
would be provided with financial assistance to enable them to obtain basic in- 
structional materials packages on the understanding that communities would 
also contribute towards the purchase of such materials; (v) permission to open 
a CDSS would be granted only if MOE standards are strictly followed; (vi) 
standardized management and financial systems would become mandatory for 
all CDSS and conventional secondary schools; (vii) this move to convert the 
former DECs into the new CDSSs, would have a continued emphasis on 
community involvement in schools. 4) 

As the last point in the announcement above shows, the government 
envisage a "continued emphasis on community involvement in schools". This 
is the main feature of Community Day Secondary Schools that distinguishes 
them from Conventional Secondary Schools. 



6. Policy Crisis/chaos within the Community Day Secondary 
School sector 

The Malawi Growth and Development Strategy (MGDS), an overarch- 
ing policy document for the government of Malawi, acknowledges the various 



16 



challenges in the education sector emerging from previous policy initiatives. 
Specifically, the MGDS 5) states that: 

[S]ome decisions which have been taken over the past few years, 
have negatively affected the quality and relevance of the education 
being provided. The sudden declaration of the Free Primary Edu- 
cation Policy, the conversion of the former Distance Education 
Centres (DECs) to Community Day Secondary Schools (CDSS) 
and the use of untrained and under qualified teachers in the system 
due to inadequate number of professionally qualified teachers, af- 
fected the quality of education at both primary and secondary lev- 
els. 

In other words, Community Day Secondary School sector has been 
encountering serious problems, which include (taking into consideration the 
overlaps in education policies, some of the problems highlighted include the 
other educational sectors and not CDSS only): lack of community participa- 
tion; poor standards/quality of education; increased dropout in the number 
students and decline in the number of qualified teachers; and poor housing and 
school infrastructure. 



6.1. Lack of community participation 

The establishment of Community Day Secondary Schools is meant to 
be largely community driven through the already existing local development 
projects. The government is supposed to provide the learning materials, teach- 
ers and other related resources. A study by MacJessie-Mbewe (2004a) ex- 
plores the relationship between rural schools and rural communities in Malawi 
as well as the extent of community participation. The study reveals that "there 
is lack of school involvement in the communities though the communities are 
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greatly involved in the school development activities" (MacJessie-Mbewe 
2004a). Among other studies, two studies by Rose (2003a; 2003b); see also 
note 2; stand out as authoritative in relation to Malawi community participa- 
tion in education. From these studies it can be deduced that some of the prob- 
lems that have emerged in this participatory approach include: non- 
empowerment of women, exploitation in the participation process, misunder- 
standing of the difference between participatory democracy and representative 
democracy and lack of clear guidance and training on participation. 

6.1.1. Non-empowerment of women 

The general issues of community participation in education in Africa 
in relation to gender is closely examined and discussed by Rose (2003a). In 
her study, she "examines whether community participation in education, as an 
end in itself, is contributing to the transformation of gender relations". The 
significance of Rose's study 2) is that she discusses various forms of commu- 
nity participation in education and their corresponding consequences. Above 
all, she cites examples from Malawi which persuasively demonstrate that 
community participation in education in Malawi, as well as Africa, regres- 
sively affect the empowerment of women. The study revealed that women do 
not have decision making powers in Malawian community school committees 
and the unintended consequence is that earlier successes on women empow- 
erment are being progressively eroded. Although not specifically focusing on 
decision making itself, Maluwa-Banda (2004), also argues that the introduc- 
tion of community day secondary schools has led to gender imbalance in fa- 
vour of boy students. While focusing on the gender component of the policy, 
Maluwa-Banda's (2004) reveals that while "significant progress has been 
made at policy level to introduce gender-sensitive educational policies... the 
main challenge has been to put the gender-sensitive policies into practice in 
the school management and learning." 
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6.1.2 Lack of clear guidance and training on participation 
Community participation largely depends on school committees. How- 
ever, there is no clear guidance of what committee members are supposed to 
do and they also lack appropriate training (Rose, 2003a). In some cases stu- 
dents have failed to attend school due to inability to make development "con- 
tributions" by their parents. Parents/communities are often not involved in de- 
ciding about their contribution how the funds are to be spent. Partially funded 
school projects by externally institutions such as MASAF do not enhance par- 
ticipation because the communities regard them as burdensome when they 
demand the communities to honour their contributions. 

6.1.3 Exploitation in the "Community Participation" process 

Rose (2003a) acknowledges that the terms "community" and "partici- 
pation" are highly debatable, and she practically demonstrates from Malawian 
cases, that this lack of clarity on the definition has led to its manipulation by 
policy makers and implementers to achieve the intended goals. Rose's (2003a, 
2003b) studies unreservedly show that the popular notion of community par- 
ticipation tends to produce unintended outcomes often marked by exploitation 
and inequality. 

Rose (2003a) argues that community school committees are not di- 
rectly involved in school affairs and only limit themselves to "development 
work" and even in these development works, it is teachers who decide what 
has to be done; thus community members are not genuinely involved in deci- 
sion- making. 



19 



6.1.4. Misunderstanding of the difference between participatory de- 
mocracy and representative democracy 

There is lack of interest in communities in participation of school or 
other development activities after the 1994 democratic elections due to a mis- 
understanding of the difference between participatory democracy and repre- 
sentative democracy. As Rose (2003a) puts it, "people feel that, through par- 
ticipating in elections, they have passed responsibilities for schooling to those 
they have elected". 

6.2. Poor standards/quality of education 

According to the observation made by Gwede (2004), the quality of 
education in CDSS (especially in Mulanje district) has significantly declined 
over the period from 1994 to 2004 as a consequence of the new CDSS policy. 
Some of the causes of this decline are attributed to lack of qualified teachers 
and lack of adequate learning-teaching resources. According to Craig 1} most 
teachers in CDSS were trained to teach the primary school curriculum and 
they find it very difficult to handle the secondary level education. Further- 
more, "some even teach subjects that they themselves did not pass at 
MSCE...they usually absent themselves because they are afraid of embar- 
rassment." Although it is well acknowledged that supervision can have a posi- 
tive impact on student academic achievement, it has been noted that most sec- 
ondary school teachers are not supervised. According to an observation made 
by Kadzamira 1} "even a minimum of one visit to a school per year is not being 
met; many schools are visited once every 2 or 3 years". 
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6. 3. Increased dropout in the number students and decline in the num- 
ber of qualified teachers 

The Centre for Educational Research and Training (CERT)^ points out 
that the number of CDSSs students by 2004 had significantly declined by 
20.9%. The main reason for the dropout is that parents and guardians are less 
willing to send their children to these schools which are generally viewed as 
of mediocre state. Apparently, when some students are selected to these 
schools, parents opt for particular private schools where standards are seen to 
be far much better than CDSSs. 

Although the government mentioned that it "would begin the deploy- 
ment of Diploma and graduate teachers to the Community Day Secondary 
Schools", by 2000 this was largely not achieved. In general, although the 
number of teachers increased by 83% from 5,905 in 2000 to 10,805 in 2005, 
only 23% of these were qualified.^ Interestingly in CDSSs' the number of 
qualified teachers had significantly decreased from 45.1% to only 7%. In 
2007, of the 4,813 teachers in CDSSs, only 930 were trained (19.3%). 6) 

A specific case highlighting this problem is captured in an article that 
appeared in the Malawi News of 24 Feb-2 March 2007. The article entitled 
Ugly face of education at Nampthungo CDSS: Two teachers man Form 1-4, 
states that at Nampthungo CDSS, enrolment has plummeted just because there 
are extremely few teacher: two teachers only manning four classes. Some of 
the reasons for this shortage of teachers include lack of teachers' houses and 
lack of office space. Interestingly students who had been asking for transfer 
"have been denied to do so and this led to chaos ,,7) (emphasis added). 



6. 4. Poor housing and school infrastructure 

The accommodation for community day secondary school teachers is 
largely in a pathetic situation which leads to poor quality of teaching services. 
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More importantly, the school structures themselves are often constructed by 
community members without serious regard to quality hence they end-up ap- 
pearing as "temporary" structures. Most of them don't have a library, recrea- 
tion or sanitation facilities. A study by Volunteers Service Organization 
(VSO) 8) captures this scenario as articulated below: 

[M]ost schools had basic infrastructure only, many were dilapi- 
dated and neglected. Typically, classrooms were old, dusty and 
equipped with at most a chalkboard and a limited number of 
desks and chairs. Often they did not have glass in the windows, 
and were vulnerable to prevailing weather conditions: leaky in 
the rainy season, stifling during hot summer months, freezing in 
winter. Teachers" housing mirrored this pattern, with teachers 
frequently inhabiting dwellings that suffered from poor mainte- 
nance and infrastructure and lacked electricity, running water, 
good sanitation and cooking facilities. 



7. Underlying order within the crisis 

Despite the crisis and chaos in the Malawi education system as high- 
lighted above, there is demonstration that the system is moving towards a self 
regulating mechanism which will ultimately create an orderly complex educa- 
tion system. These positive moves towards underlying order are: Decentraliza- 
tion of the education sector; Construction of boarding facilities for girls in 
some CDSS; Increase in the number of tertiary teacher training institutions; 
Established the Teacher Service Commission and increased programmes for 
teachers' welfare; Political commitment and significant budgetary allocation 
to the education sector; Increased access to secondary school education; Im- 
proved management through cluster system. 
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7.1. Decentralization of the education sector 

In order to enhance efficient and effective decision making, the gov- 
ernment embarked on an over a decentralization policy in all its sectors in- 
cluding education. In this regard, the Ministry of education is divided into six 
administrative education divisions. The Southern region of Malawi has three 
education divisions (each division is comprised of several districts), namely: 
Shire Highlands Education Division; Southeast Education Division and 
Southwest Education Division. In the Central region, there are Central West 
Education Division and Central East Education Division. The Northern region 
has one education division called the Northern Education Division. Each divi- 
sion is headed by the Education Division Manager (EDM) and below him/her 
is District Education Manager (DEM). Furthermore, for effective administra- 
tion and management, secondary schools in each division are grouped to- 
gether (between 7 to 15) in what are called clusters. This comprehensive de- 
centralization has had a positive impact on education management especially 
for CDSSs. Gwede (2004) supports this assertion by arguing that "decentrali- 
zation of the education system is, therefore, of paramount importance with 
regard to the administration and management of CDSSs in Malawi." He also 
adds that "It means giving the local community, thus from where pupils come, 
an opportunity to participate in the management of these schools." 

7.2. Construction of boarding facilities for girls in some CDSS 

In order to discourage increasing drop-outs amongst girls, the govern- 
ment has started the construction of boarding facilities for girls in some 
CDSS. So far the communities have welcomed such moves and although it is 
too early to assess, it likely that the large drop outs that were previously wit- 
nessed will be a thing of the past. The project that started in 2007 and spent 
MK 800 million by June 2007, intends to build more than 20 girls hostels as a 
way of empowering females through education and started with the first phase 
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of 7 schools. 9) These hostels are going to be built in CDSSs and will be ac- 
commodating 420 female students. All this is inline with the MGDSs' key 
strategy in education to "Improve the teaching-learning environment to reduce 
absenteeism, repetition and dropout rates for both sexes." 5) 

7.3. Increase in the number of tertiary teacher training institutions 

Shortage of secondary school teachers has largely been attributed to 
limited number of tertiary institutions offering degree programmes in educa- 
tion. The University of Malawi was for a long time the only institution offer- 
ing this degree programme (while Domasi College of education has been of- 
fering diploma programmes). Recently, the government added one public uni- 
versity, Mzuzu, which among other programmes, its main intake is in educa- 
tion. Apart from these public institutions, there has been a major increase in 
the number of private tertiary institutions which mainly target education 
courses: Lakeview College, Livingstonia University, Catholic University (al- 
though currently not fully credited, plans are underway to ensure that they are 
monitored by the newly instituted Malawi National Council for Higher Educa- 
tion). In another effort to further increase the number of qualified secondary 
school teachers especially in CDSSs, the government through donor funding 
introduced distance learning through Domasi College. In this programme, 
CDSS teachers who are unqualified go through a three-year distance educa- 
tion in various areas and are upon successful completion awarded a diploma. 
The programme has so far witnessed a major increase in the number of quali- 
fied teachers being deployed in CDSS. Related to this development is the 
government effort through assistance from USAID in capacity building for 
key education sectors: Malawi Institute of Education (MIE), Malawi National 
Examination Board (MANEB), Ministry of Education, University of Malawi 
and Domasi College of Education. Several officers were identified from these 
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institutions to undergo further training (Masters and PhD studies) and this has 
undertaking has greatly improved the capacity of the said institutions. 



7. 4. Established the Teacher Service Commission and increased pro- 
grammes for teachers ' welfare 

Lack of teachers' welfare has been one of the main reasons why most 
of them have been abandoning their profession (especially at secondary school 
level). The government recently established the Teacher Service Commission 
so as to ensure that the welfare of teachers is adequately addressed. The com- 
mission is responsible for among other things the recruitment, promotion, dis- 
cipline and analyzing the conditions of service of all government teachers in 
the country. Previously, these issues were handled by the Civil Service Com- 
mission. The problems that were commonly being experienced by teachers is 
that the civil service had overgrown to the extent that the welfare of teachers 
were being neglected or overlooked. In November 2008, the government se- 
cured a K7 billion (USD 50million) World Bank loan to construct 1,000 
teachers' houses across the country. 10) The government also set in the 
2007/2008 budget some money "to pay all arrears to teachers to uplift morale 
and that HIV positive teachers, numbering 3,000 would be getting K4,000 ex- 
tra money each month." 1 1) 



7. 5. Political commitment and significant budgetary allocation to the 
education sector 

The government has also showed keen interest in the development of 
the education sector in general. There has been a significant budgetary alloca- 
tion to the Ministry of Education such as a 14.1% of the total national budget 
in 2007/8 and 12.5% for the 2008/9 period. 10) And in 2008 alone, 30 CDSS 
have been targeted to be provided with libraries, teachers' houses and science 
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laboratories. 10) This is a major breakthrough for the CDSS that have dilapi- 
dated and archaic infrastructure. In the State of Nation Address in May 2008 
under the theme, "Malawi: A Nation of Achiever", the President recognized 
the important role that education plays in national development. Among other 
things, he promised: upgrade teachers to Diploma, Bachelors or Masters de- 
gree levels; and construct hostels at 10 girls secondary schools. 12) In the 
2007/8 budget, the government set apart some funds "for hardship allowances 
for teachers as a way of luring them back in public schools." 1 ) 

7. 6. Increased access to secondary school education 

Although MacJessie-Mbewe (2004b) argues that the introduction of 
Community Day Secondary Schools has not adequately helped to address the 
question of secondary school access in Malawi, the available data shows oth- 
erwise. Enrolment in DECs in 1998 (just before they became Community Day 
Secondary Schools) was 132,455 and 1999 after the introduction of the new 
policy, the enrolment increased to 166,781. Gwede (2004) notes that the larg- 
est number of the pupils in secondary schools is enrolled in CDSSs 

7. 7. Improved school management through cluster system 

Trigu (2004) investigated on the impact of Malawi Secondary School 
Cluster System (a form of decentralised system of school management) on the 
management of CDSSs in Blantyre district. Trigu (2004) found that the cluster 
system brought about visible and positive changes in the management prac- 
tices of CDSSs. Some of the indicators of this improved management include 
availability and management of school records, sound financial management 
practices, improved supervisory skills as well as improved community partici- 
pation. In relation to community participation, Trigu defines it in the context 
of the Parents-Teachers Association (PTA). In order to measure community 



26 



participation he focused on two indicators: the extent to which the PTA as- 
sisted the school projects as well as disciplining of students. 



8. Conclusion: lessons from chaos-complexity theory in the Minis- 
try of education's CDSS policy 

It can be deduced that the education policy of introducing CDSS was 
followed by a crisis in the sector as evidenced by poor quality and irrelevance 
of the education being provided. However, confirming the chaos-complexity 
theory, the education system has not been passive as it has witnessed a re- 
emergence of several innovative ways of solving the said crisis. This concurs 
with Kershaw & Safford (1998) who argue that "this ability to deal with com- 
plex and dynamic natural systems suggests strongly that chaos theory has the 
ability to reveal the underlying regularities in the emergent relationships be- 
tween educational providers and their student". Specifically, some of the les- 
sons learnt from underlying regularities in the education sector emerging from 
chaos-complexity theory can be summarized as followed. 

First, there is a notable innovativeness in the education system. Most 
of the education programmes that the government is currently engaged in are 
response to the free-primary education policy and subsequent creation of 
CDSS. Without the creation of CDSS probably these positive outcomes 
couldn't have emerged; such as establishment of the Teacher Service Com- 
mission and introduction of cluster system. 

Second, more and more CDSSs are being established in the country 
(thus increasing access) and each school being established takes into consid- 
eration the lessons and observations made on other previous schools. Ulti- 
mately, improved quality of education will be attained. 

Third, the earlier education crisis led to an increased number of private 
and NGOs partnering with government in the area of education examples are 
GABLE, Civil Society Coalition for Quality Basic Education etc. In addition, 
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there are now more opportunities for context specific education policy imple- 
mentation within the said decentralized sector. 

Fourth, unlike in the past, there is an increased public interest, aware- 
ness and participation in the education sector. This general public inter- 
est/debate on education policies is mainly generated by the socio-political 
controversies surrounding the education policies themselves. The media has 
also significantly contributed to this debate. 

Finally, since the Education Act of 1962, there was no strategy for 
community participation but recently there has been a development of a Na- 
tional Strategy for Community Participation in School Management. One pos- 
sible factor for the development of this strategy is the general chaos that en- 
sued soon after the implementation of free primary education and CDSS pol- 
icy. 

NOTES 

1. Centre for Educational Research and Training (CERT): Issues in the Edu- 
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Abstract. This study analyzes the science process skills in West Afri- 
can senior secondary school certificate physics practical examinations in Ni- 
geria for a period of 10 years (1998-2007). Ex-post facto design was adopted 
for the study. The 5 prominent science process skills identified out of the 15 
used in the study are: manipulating (17%), calculating (14%), recording 
(14%), observing (12%) and communicating (11%). The results also show 
high percentage rate of basic (lower order) science process skills (63%) as 
compared to the integrated (higher order) science process skills (37%). The 
results also indicate that the number of basic process skills is significantly 
higher than the integrated process skills in the West African senior secondary 
school certificate physics practical examinations in Nigeria. It is recom- 
mended that the examination bodies in Nigeria should include more integrated 
science process skills into the senior secondary school physics practical ex- 
aminations so as to enable the students to be prone to creativity, problem solv- 



32 



ing, reflective thinking, originality and invention which are vital ingredients 
for science and technological development of any nation. 

Keywords: physics, senior secondary school, science process skills, 
Nigeria 



Introduction 

The shift from the teacher-centred method of teaching science to child- 
centred activity based method which encourages and develops in the child the 
spirit of inquiry; an attempt to make students fully aware as well as under- 
stand the ways scientists work; and also the equipping and preparing students 
for their possible careers in science and technology led to the development of 
process skills (Akinbobola, 2006). It is worth noting that for science teaching 
to be meaningful and relevant, it must adequately reflect the nature of science. 
That is, it must not only be process-oriented, but it should also emphasize the 
products of science. It should also promote affective reaction to science and 
stress the attitudes such as honesty, open and critical mindedness, curiosity, 
suspended judgment and humility which characterize scientists and the scien- 
tific enterprise (Akinbobola & Ado, 2007). 

Science process skills have been described as mental and physical 
abilities and competencies which serve as tools needed for the effective study 
of science and technology as well as problem solving, individual and societal 
development (Nwosu & Okeke, 1995). The American Association for the Ad- 
vancement of Science (AAAS) classified the science process skills into fifteen 
(Bybee et al, 1989). These are: observing, measuring, classifying, communi- 
cating, predicting, inferring, using number, using space/time relationship, 
questioning, controlling variables, hypothesizing, defining operationally, for- 
mulating models, designing experiment and interpreting data. According to 
Ango (1992), science process skills can be classified into two categories as 
basic and integrated process skills. The basic (simpler) process skills provide a 
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foundation for learning the integrated (more complex) skills. Basic science 
processes are vital for science learning and concept formation at the primary 
and junior secondary school levels. More difficult and integrated science 
process skills are more appropriate at the secondary and tertiary school levels 
for the formation of models, experimenting and inferencing. Hence both basic 
and integrated science process skills are relevant and appropriate at the senior 
secondary schools level in Nigeria. 

According to Bybee et al. (1989) and Ango (1992), the basic science 
process skills comprised of observing, measuring, classifying, communicat- 
ing, inferring, using number, using space/time relationship and questioning 
while integrated science process skills are controlling and manipulating vari- 
able, hypothesizing, defining operationally, formulating models, designing 
experiment and interpreting data. 

Physics practical skills are science process skills. They are taught as 
part and parcel of the physics curriculum. Science process skills are cognitive 
and psychomotor skills employed in problem solving. They are the skills 
which sciences use in problem-identification, objective inquiry, data gather- 
ing, transformation, interpretation and communication. Science process skills 
can be acquired and developed through training such as are involved in sci- 
ence practical activities. They are the aspect of science learning which is re- 
tained after cognitive knowledge has been forgotten. Using science process 
skills is an important indicator of transfer of knowledge which is necessary for 
problem-solving and functional living. 

The skills on the graph practical work cannot be completed without 
creativity. Practical work is not just putting the apparatus together when seen, 
but it needs planning, designing a problem, creating a new approach and pro- 
cedure and also putting familiar things together in the new arrangement. This 
implies that the knowledge of creativity exhibited by candidates in any practi- 
cal class helps them to manipulate some practical equipment. 
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According to Giddings & Fraser (1988), achieving the objectives of 
science practical work depend a lot on the mode of assessment of laboratory 
work adopted by the teachers and examination bodies. According to them, the 
mode of assessment directly influences teachers' teaching methods, students' 
learning styles and attitudes towards practical activities. 

The West African Examinations Council (WAEC) makes use of prac- 
tical test/examination to assess students' acquisition of various physics practi- 
cal skills. In these tests, students are required to carry out certain physics prac- 
tical activities following some given instructions. The scores of the students 
obtained through the marking of their practical works indirectly indicate the 
levels of physics practical process skills they could demonstrate during the 
practical examination. This mode of assessment is also adopted by physics 
teachers who prepare the students for Senior Secondary School Certificate 
Examination (SSSCE). This mode of assessment influences the teaching 
methods adopted by teachers. Also, students' learning style is influenced in 
such a way that they always try to find certain correct responses or answers 
irrespective of the procedures adopted. 

The process approach method of teaching science is meant to foster 
inquiry and manipulative skills in students and discourage rote learning. This 
method embraces other methods of science teaching and is mainly activity 
based, superior to those in which the students are not actively involved in 
learning process (Akinbobola, 2008). This reason has made the West African 
Examinations Council (WAEC) and bodies that conduct Senior Secondary 
School Certificate Examination (SSSCE) to stipulate that practical work 
should form the basis of teaching. During examination, the practical work is 
also assessed separately. Currently, physics being one of the physical science 
taught in senior secondary schools is taught both in theory and practical. In 
both internal and external examinations, practical physics is assessed sepa- 
rately as an integral part of the subject. 
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The problem 

The basic science process skills are useful in science and non-science 
situation while the integrated skills are the working behavior of the scientists 
and technologists. Thus, both basic and integrated science process skills are 
relevant and appropriate for all science subjects, in particular Physics at the 
senior secondary schools level in Nigeria. Hence, there is need to find out the 
level of acquisition of the science process skills and also to identify the sci- 
ence process skills inherent in the West African Senior Secondary School Cer- 
tificate (WASSSC) Physics practical examination in Nigeria and classify them 
to various hierarchical levels. Therefore, will the relative percentage of inte- 
grated process skills included in the West African Senior Secondary School 
Certificate (WASSSC) Physics practical examinations be adequate to meet the 
quest for national development vis-a vis scientific technology growth and self 
reliance in Nigeria? 

Purpose of the study 

The purpose of this study is to determine the science process skills in- 
cluded in the West African Senior Secondary School Certificate (WASSSC) 
Physics practical examinations in Nigeria for a period of 10 years. The study 
is design to achieve the following objectives: (1) to investigate the science 
process skills included in the West African senior secondary school certificate 
physics practical examinations in Nigeria; (2) to compare the basic and inte- 
grated process skills included in the West African senior secondary school 
certificate physics practical examinations in Nigeria for a period of 10 years 

Research questions 

The study sought to provide answers to the following questions: i) 
what are the prominent science process skills in the West African senior sec- 
ondary school certificate physics practical examinations in Nigeria; ii) what 
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are the percentages of basic and integrated process skills included in the West 
African senior secondary school certificate physics practical examination in 
Nigeria. 

Research hypothesis 

There is no significant difference between the number of basic and in- 
tegrated process skills included in the West African senior secondary school 
certificate physics practical examinations in Nigeria. 

Method 

The entire May/June WASSSCE Physics practical examination ques- 
tions from 1997 to 2006 were studied to identify the science process skills re- 
quired from the students. All the basic and integrated process skills in the 
questions were identified. The design adopted for the study was an ex-post 
facto design. The instrument used for the study was the West African Senior 
Secondary School Certificate Physics Practical Questions (WASSSCPPQ) 
across the years 1998 to 2007. The WASSSCPPQ had already been validated 
and the reliability had been conducted and obtained by the West African Ex- 
aminations Council (WAEC). The researchers collected the entire alternative 
A of the WASSSCPPQ and identified all the basic and integrated process 
skills for each year. Due to the nature of the physics practical questions in Ni- 
geria, the researchers identified 15 science process skills and classified them 
into basic and integrated process skills. The basic science process skills com- 
prised of observing, measuring, comparing, contrasting, drawing calculating, 
recording and communicating while integrated process skills comprised of 
experimenting, investigating, formulating models, deducing, graphing, inter- 
preting and manipulating. The data collected were analyzed using simple per- 
centages and t-test. 
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Results and discussion 

Research question 1 

What are the prominent science process skills in the West African sen- 
ior secondary school certificate physics practical examinations in Nigeria? 
The analysis is as shown in Tables 1 and 2 



Table 1. Basic (lower) science process skills in the West African senior sec- 
ondary school certificate physics practical examinations in Nigeria across the 

years (1998-2007) 
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7 


40/8 


7 


5 








4 


12 


8 


8 


[_ 44/9 


60/12 


31/6 


2/0 


4/1 


21/4 


71/14 


68/14 


57/1 


314/63 



* Second figures are in percentages 

O = Observing, M = Measuring, C = Comparing, 

CO = Contrasting, D = Drawing, CA = Calculating, 

R = Recording, COM= Communicating 



Out of the 500 science process skills identified within the period of 10 
years (1998 - 2007) in the West African senior secondary school certificate 
physics practical examinations in Nigeria as shown in Table 1 and 2, the 
prominent science process skills are manipulating with a total frequency of 
86(17.20%), calculating with a frequency of 71 (14.20%), recording with a 
frequency of 68 (13.60%), observing with a frequency of 60(12.00%) and 
communicating with frequency of 57(11.40%). This implies that out of the 15 
science process skills used in this study, manipulating skill is the only promi- 
nent skills from the integrated (higher order) process skills while calculating, 
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recording, observing and communicating skills are basic (lower order) science 
process skills. The implication is that only 5 out of 15 science process skills 
are prominent within the period of 10 years (1998-2007) in the West African 
senior secondary school certificate physics practical examinations in Nigeria. 



Table 2. Integrated (Higher) process skills in the West African Senior Secon- 
dary School certificate physics practical examinations in Nigeria across the 

years (1998-2007) 



YEAR 


Integrated (Higher Order) Process Skills 


M 


E 


G 


D 


I 


F.M 


IN 


TOTAL 


1998 


9 


2 


3 


6 


1 





2 


23/5 


1999 


10 


1 


3 


1 


6 


1 





22/4 


2000 


5 





3 


3 











11/2 


2001 


6 


3 


3 


3 


1 





1 


17/3 


2002 


10 


1 


3 


3 











17/3 


2003 


10 





3 


3 





1 





17/3 


2004 


7 


2 


3 


3 











15/3 


2005 


8 


4 


3 


3 








1 


19/4 


2006 


11 


5 


3 


5 








1 


25/5 


2007 


10 


5 


3 


2 











20/4 


Total 


86/17 


23/5 


30/6 


32/6 


8/2 


2/0 


5/1 


186/37 










*s 


econc 


figure 


s are 


in percent; 



M= Manipulating, E = Experimenting, G = Graphing, 

D = Deducing, I = Investigating, 

F.M = Formulating models, IN = Interpreting 



Research question 2 

What are the percentages of the basic and integrated science process 
skills included in the West African senior secondary school certificate physics 
practical examinations in Nigeria? The analysis is as shown in Table 3. 
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Table 3. Summary of the basic (lower order) and integrated (higher order) 

science process skills in the West African senior secondary school certificate 

physics examinations in Nigeria across the years (1998-2007) 



S/N 


Basic Process Skills 


F(%) 


S/N 


Integrated Process 
Skills 


F(%) 


1. 


Observing 


60(12%) 


1. 


Manipulating 


86(17%) 


2. 


Measuring 


31(6%) 


2. 


Experimenting 


23(5%) 


3. 


Comparing 


2 (0%) 


3. 


Graphing 


30(6%) 


4. 


Contrasting 


4(1%) 


4 


Deducing 


32(6%) 


5 


Drawing 


21(4%) 


5. 


Investigating 


8(2%) 


6 


Calculating 


71(14%) 


6 


Formulating Mod- 
els 


2(0%) 


7 


Recording 


68(14%) 


7 


Interpreting 


5(1%) 


8 


Communicating 


57(11%) 










Total 


314(63%) 




Total 


186(37%) 



F= Frequency 

The analysis in Table 3 shows that, among the basic (lower order) sci- 
ence process skills identified in this study, calculating was rated highest with 
the frequency of 71 (14%), seconded by recording with the frequency of 
68(14%), followed by observing with the frequency of 60 (12%) and closely 
followed by communicating with the frequency of 57(11%). Other basic sci- 
ence process skills are rated low. These include drawing with the frequency of 
21(4%), contrasting with the frequency of 4(1%), and comparing with a fre- 
quency of 2(0%). 

The analysis in Table 3 also shows that, among the integrated (higher 
order) science process skills identified in this study, manipulating was rated 
highest with the frequency of 86 (17%), seconded by deducing with the fre- 
quency of 32 (6%), followed by graphing with the frequency of 30(6%) and 
experimenting with the frequency of 23(5%). Other integrated science process 
skills are rated very low. These include investigating with the frequency of 
8(2%), interpreting with the frequency of 5(1.00%) and formulating models 
with the frequency of 2(0%). 
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From the results presented in Table 3 above, it was observed that there 
was a high requirement made of the basic science process skills than the inte- 
grated science process skills in the West African senior secondary school cer- 
tificate physics examinations in Nigeria across the years (1998-2007). This is 
indicated by high percentage rate of the basic science process skills (63%) as 
compared to the integrated science process skills (37%). 

The results presented in Tables 1 and 2 also indicated that there are 
more science process skills in the last five years (2003-2007) than the first 
five years (1998-2002). That is, there is a gradual departure from the general 
pattern observed in the first five years to a pattern where more emphasis is 
placed on laboratory work or experimenting and critical thinking. This is in 
line with the national policy on education (FME, 2004), which aims at con- 
solidating the science process skills knowledge gained in the primary schools 
and junior secondary schools levels. 

Similarly, there was steady emphasis in the requirement of the skill of 
communicating in the last five years (2003-2007). This is in line with the new 
approach to science teaching and learning which emphasis on communicating 
science rather then listening to talks and taking down notes (Akinbobola, 
2008). Another obvious pattern is the increased emphasis on the skills of ma- 
nipulating, drawing, calculating and recording in the last five years (2003- 
2007). This might be due to the fact that in Nigeria, emphasis has been shifted 
from the teacher-centered approaches to child-centered approaches of learning 
such as problem-solving, discovery and inquiry methods (Akinbobola, 2006) 
and to involve the learner in hand-on-activities in order to acquire appropriate 
skills, abilities and competencies both mental and physical as equipment for 
the individual to solve life problems and contribute to the development and 
growth of the society (Akinbobola & Ado, 2007). 
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Also, it is from the manipulation of apparatus, materials and equip- 
ment during practical that lead to drawing, calculation and give the result that 
is recorded and hence deduced to give the final result required. 

However, in the areas of the process skills of comparing, contrasting, 
investigating, formulating models and interpreting, there are scanty represen- 
tations in questions in the years under review particularly in the last five years 
(2003-2007). 

Research hypothesis 

There is no significant difference between the number of basic and in- 
tegrated science process skills included in the West African senior secondary 
school certificate physics practical examination in Nigeria.The analysis is as 
shown in Table 4. 



Table 4. t-test analysis of the basic and integrated process skills included in 
the WASSSC physics practical examinations 



Process Skills 


N 


<x> 


S.D 


DF 


t-cal 


t-critical 


Decision 
at P<.05 


Basic 


80 


3.93 


3.23 


148 


2.58 


1.96 


* 


Integrated 


70 


2.67 


3.01 











*= Significant at P<.05 alpha level 

The analysis in Table 4 shows that the calculated t-value of 2.58 is 
greater than the critical t-value of 1.96 at .05 level of significance. Hence, the 
hypothesis which stated that there is no significant difference between the 
number of basic and integrated process skills included in the West African 
senior secondary school certificate physics practical examinations in Nigeria 
is rejected. The table also shows that the number of basic process skills is 
more than the integrated process skills in the West African senior secondary 
school certificate physics practical examinations in Nigeria across the years 
(1998-2007) under review. 
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This is in line with the findings of Nwosu (1994) that there is very low 
level of development of skills of inferring, predicting and formulation of mod- 
els among year one senior secondary biology students. The result is also in 
line with the findings of Okebukola (1985) that students were given few op- 
portunities to acquire the process skills and such few opportunities were often 
for the acquisition of the basic skills rather than the integrated science skills. 
This might be due to the fact that basic process skills can be easily learnt, and 
readily transferred to new situations unlike integrated process skills abilities 
that need to be practiced over a period of time and cannot be learned via a 2- 
week unit in which science content is typically taught in Nigeria. These abili- 
ties are closely related to the formal thinking described by Piaget (Tomera, 
1974). Tomera (1974) further explains that one way to decide whether some- 
one is concrete or formal is to ask that person to design an experiment to solve 
a problem. Chiapetta (1976) observes that most early adolescents and many 
young adults have not yet reached their full formal reasoning capacity. It is 
worth nothing that many of our senior secondary school students fall within 
this age bracket. This might be one of the reasons for the West African Ex- 
aminations Council to set most of their questions on basic science process 
skills. 

Conclusion 

The five (5) prominent science process skills identified out of fifteen 
(15) used in this study are manipulating (17%), calculating (14%), recording 
(14%), observing (12%) and communicating (1 1%) in the West African senior 
secondary school certificate physics practical examinations in Nigeria within 
the period of 10 years (1998-2007). Out of this, only manipulating skill is the 
integrated (higher order) science process skill. The result also indicated high 
percentage rate of basic (lower order) science process skills (63%) as com- 
pared to the integrated (higher order) science process skills (37%). The results 
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also indicated that the number of basic process skills is significantly higher 
than the integrated process skills in the West African senior secondary school 
certificate physics practical examinations in Nigeria across the years (1998- 
2007). 

Implications 

The significance of the science process skills has led to the expansion 
of the goal of science education to include an understanding by, and develop- 
ment in the students of these process skills. The basic (lower order) science 
process skills are useful in science and non-science situation while the inte- 
grated (higher order) science process skills are the working behavior of the 
scientists and technologists. The integrated (higher order) science process 
skills are important since they are more needed for self reliance, development 
and problem solving than the basic skills. 

Adequate fulfillment of our goals and aspirations of individuals for 
relevant and functional education demand a reasonable and higher level of 
acquisition of science process skills since integrated process skills are the bed- 
rock of science and technology. In the light of the findings, it becomes appar- 
ent that students' acquisition of high level skills such as investigating, formu- 
lating models and interpreting was very low. That is, not much is seen in the 
higher order skills or the integrated science process skills, which has much to 
do with reflective thinking, creativity and problem solving. Hence, there is 
need to increase the number of integrated process skills in the West African 
senior secondary school certificate physics practical examinations in Nigeria. 

Recommendations 

In the light of the findings, the following recommendations are made: 
(1) Examination bodies in Nigeria, especially West African Examinations 
Council (WAEC) and National Examinations Council (NECO) should include 
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more integrated (higher order) science process skills into the senior secondary 
school physics practical examinations so as to enable the students to be prone 
to creativity, problem solving, reflective thinking, originality and invention 
which are vital ingredients for science and technological development of any 
nation. (2) Physics students at secondary schools level should be given the 
opportunity to handle and manipulate materials, tools and equipment in the 
laboratories; test their ideas experimentally; collect, compare, and interpret 
data; formulate models and draw conclusion. (3) Seminars, workshops and 
conferences should be organized to re-orientate the physics teachers and to 
instill the awareness to the public on the use and application of science proc- 
ess skills in the nation's growth and development. (4) The present physics cur- 
riculum should be reviewed to ensure greater involvement of integrated 
(higher order) process skills at the senior secondary school level. (5) Guided 
discovery/inquiry method should be used by the physics teachers to improve 
students' levels of science process skills acquisition. (6) Governments (Fed- 
eral, State and Local) should equip laboratories and physics teachers and stu- 
dents should utilize the facilities in such a way that could lead to the develop- 
ment of both basic and integrated science process skills. 



REFERENCES 

Akinbobola, A.O. (2006). Effects of teaching methods and study habits on 

students ' achievement in senior secondary school physics, using a pic- 
torial organizer. PhD thesis. Uyo: University of Uyo. 

Akinbobola, A.O. (2008). Facilitating Nigerian physics students' attitude to- 
wards the concept of heat energy. Scientia Paedagogica Experimen- 
talis, 45, 353-366. 



45 



Akinbobola, A.O. & Ado, LB. (2007). Hands-on and minds-on strategies for 
teaching offeree: Guided discovery approach (pp. 65-72). In.: Udo, E., 
Uyoata, U, Inyang, N.E.U., Yero, H. & Bello, G. (Eds.). Hands-on and 
minds-on strategies in the teaching of force. Uyo: Afahaide & Bros 
Printing. 

Ango, M.L. (1992). Needed science process skills as foundation for effective 
technology education for national development (pp. 92-104). In.: 
Awotunde, P.O. (Ed.). Issues in technology education for national de- 
velopment. Jos: NATT. 

Bybee, R.W., Buchwald, C.E., Crissman, S., Heil, D., Kuerbis, P. J., Matsu- 
moto, C. & McLnerney. J.D. (1989). Science and technology for the 
elementary years: Frameworks for curriculum and instruction. Wash- 
ington: NCISE. 

Chiapetta, E. (1976). A review of piagetian studies relevant to science instruc- 
tion at the secondary and college level. Science Education, 60, 253- 
261. 

Giddings, G. & Fraser, B.J. (1998). Assessment of students' learning in sci- 
ence education (pp. 198-202). In.: Layton, I. (Ed.). Innovations in sci- 
ence and technology education. Paris: UNESCO. 

Nwosu, A. A. (1994). Levels of acquisition of science process skills among 
year one senior secondary school students. J. Science Teacher Asso- 
ciation Nigeria, 29, 47-53. 

Nwosu, AA. & Okeke, E.A.C. (1995). Lhe effect of teacher sensitization of 
students' acquisition of science process skills. J. Science Teacher As- 
sociation Nigeria, 30, 39-45. 

Okebukola, PA. (1985). Level of process skills development among students 
and implications for sciencing in Nigeria. Proceedings 26 th Annual 
Conference of STAN, 217-218. 



46 



Tomera, A. (1974). Transfer and retention of science processes of observing 

and comparison in junior high school students. Science Education, 58, 

195-203. 

M Dr. A.O. Akinbobola, 

Department of Science Education, 

Faculty of Education, 

University of Uyo, 

Uyo, Akwa Ibom State, NIGERIA 

E3 Dr. F. Afolabi (Corresponding author), 

Department of Teacher Education, 

Faculty of Education, 

University of Ibadan, 

Ibadan, Oyo State, NIGERIA 

E-Mail: afolabigrace@yahoo.com 



47 



Bulgarian Journal of Science and Education Policy (BJSEP), Volume 4, Number 1, 2010 



HCTOPHUTA HA XHMHUTA H MJICTOTO 
H B YHEEHOTO Cl>fll>P5KAHHE IIO 
XHMHH B CPEflHOTO yHHJIHIIJE 



3jiaTHHa nETEBA, E.B. TOUIEB 

Co(puucKu yHueepcumem „ Ce. KnuMenm OxpudcKu " 



Pe3H)Me. HcTopnaTa h (bHJiococbHjrra Ha XHMHjrra npHHaaneacH Ha 
xyMaHHTapHaTa Hayica b no-rojiaMa CTeneH otkojikoto io>m npnpoflHHTe 
HayKH. BioiiOHBaHeTO Ha xyMaHHrapHH eneMeHTH b oSyreHHeTO no xhmhs 
Moace jx& noBHHiH HHTepeca Ha oSynaBaHHre ki>m XHMHjrra. yneSHOTO 
CbfltpacaHHe Ha yHHJiHnxHHa Kypc, oSane, b ronaMa CTeneH 3aBHCH ot TOBa, 
KaKBO e BKJiiOHeHO b /p>pacaBHHTe o6pa30BaTejiHH H3HCKBaHHa 3a yneSHO 
Cb ^tpacaHHe. ^OKaTO b aMepHKaHCKHTe o6pa30BaTejiHH CTaH/iapTH 
BKJiiOHBaHeTO Ha HCTopnaTa h (bHJiococbHjrra Ha XHMHjrra b yneSHOTO 
CbAtpacaHne h b noflroTOBKaTa Ha Stflenrnre ynHTejin e HMnepaTHBHO 
3a/rbJi>KeHHe, b StJirapciarre CTaH/iapTH TaKOBa 3a/rbJi>KeHHe raivia. B Ta3H 
CTaTHa ce nneflnpa 3a xyMaHH3npaHe Ha Kypca no xhmhji b cpe/moTO 
yHHJinme h ce noconBaT npe^HMCTBaTa ot TOBa, KaKTO h ce nocoHBaT hjikoh 
ot HanHHHTe 3a peanH3aHHa Ha TaKaBa npoMjma. 

Keywords: standard-based approach, state educational requirements, 
history and philosophy of chemistry, school course of chemistry 
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Yboa 

HHTepecbT Ha Mna^HTe noKOJieHna kbm roynaBaHeTO Ha npnpoflHHTe 
HayKH (h xHMHaTa b nacTHOCT) HaManaBa. IIpHHHHHTe 3a Ta3H HeraTHBHa 
TeH/ieHHHa b o6pa30BaHHeTO He ca H3»CHeHH hshjuio. OnaKBa ce, ne oie/i 
nepnofl Ha yna/iBK, CBBp3aH c flBJiBr nepnofl Ha othochtcjiho hobcihko 
SnaronojiyHHe 6e3 bohhh h Apyrn coHnanHH CBTpeceHHa, jx& noaneflBa 
nepnoA Ha BB3pa>KflaHe Ha HHTepeca kbm npnpoflHHTe HayKH h aneflBamo 

HOBO pa3BHTHe Ha TeXHOJIOrHHTe, OCHOBaHO Btpxy HOBHTe HOBHTe HayHHH 

OTKpHTHa. ToBa oSane onje He ce anyHBa. 

XHMHjrra b npe^CTaBHTe Ha ninpoKH oSmecTBeHH KptroBe ce 
BMnpneMa KaTO Tpy/jHa. yneSHOTO cb^bpacaHHe Ha ynHJiHiHHHJi Kypc no 
xhmhs no/ixpaHBa TOBa ycemaHne. HH(J)opMaHHOHHHaT SanaHC, aScTpaKrnre 
TeopnH ot MHKpo- h MaKpo- CBeTa h chctcmhoto HrHopnpaHe Ha yneSHHa 
xHMHneH eKcnepHMeHT orpaHHnaBaT b roji»Ma CTeneH 6poa Ha yneHHHHTe, 
kohto 6nxa HacoHHJin CBOHTe HHTepecn kbm to3h npe^MeT, ocoSeHO b 
ceraniHOTO MepKanrHJiHO BpeMe, KoraTO nepcneKTHBHTe 3a ycneniHa h ^o6pe 
nnaTeHa Kapnepa Ha nojieTO Ha HayKaTa He roraeacflaT oKypaacaBamn. B 
yneHHHHTe He pa/pco SnryBa h npeBpaTHa npe^CTaBa 3a xopaTa Ha HayKaTa 
KaTO xopa, BTopaneHH b CBOHTe 3aHHMaHHa, 6e3 ninpoKH coHnajiHH KOHTaKTH 
h flpyra HHTepecn. HecbMHeHO npnpoflHHTe HayKH me ocTaHaT acenaHa 
TepHTopna 3a MJia/jH xopa c aHanHTHHHa Harnaca Ha MHCbjrra. TaKHBa xopa 
oSane HHKora He ca Shjih ocoSeHO mhoto Ha Spoil. 

BaacHa 3a^ana Ha rocjieflOBaTejinre b oSjiacTra Ha Teopmrra h 
MeTOAOJiornaTa Ha npeno/iaBaHeTO h oSyneHHeTO no ecTecTBeHHTe HayKH h 
MaTeMaTHKa e jx& npe/uioacaT HHCTpyvteHTH h noflxoflH 3a pa3uiHpaBaHe Ha 
Kpi>ra Ha yqeHHHHre, kohto 6nxa HacoHHJin BHHMaHHeTO ch kbm npnpoflHHTe 
HayKH. H3rjieac/ia ecTecTBeHO, ne BKJiiOHBaHeTO Ha xyMaHHTapHH ejieMenra b 
oSyneHHeTO no xhmhs Moace jx& HMa nojioacHrejieH e(|)eKT. BBTpeumaTa 
HCTopna Ha XHMHjrra (ncTopnaTa Ha XHMHjrra Karo HayKa) h BtmuHaTa 
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HCTopna Ha XHMHjrra (B3aHMOfleiiCTBHeTO Ha XHMHjrra c ocTaHanHTe HayKH h 
oSmecTBOTO b hctophhcckh nnaH) MO>Ke jx& aHraacnpa BHHMaHHeTO Ha no- 
uinpoK Kptr oSynaBamH ce naj\ Te3H, kohto HMaT aHanHTHHHO MHCJieHe h 3a 
kohto xHMHaTa e ecrecTBeHa TepHTopna (Toshev, 2006). BKJiiOHBaHeTO Ha 
HCTopHjrra h (bHJiococbHjrra Ha HayKara b oSyneHHeTO no npnpoflHHTe HayKH 
b cpeflHOTO yHHJiHme me ynecHH Meac/iynpeAMeTHHTe Bpi>3KH h ce onaKBa jxa. 
AOBe/ie AO pa36npaHe Ha cbiHHOCTTa h MexaHH3MHTe Ha CBeTOBHHa HayneH 
npou,ec (Matthews, 1994; Bybee et al, 1991) - e#Ha 3aflana, kojito y Hac 
HHKora He e CToa.na Ha /nreBeH pe/i. 

C BtBeac/iaHeTO Ha no/rxo/ia Ha cTaH^apTHre (y Hac - ^tpacaBHH 
o6pa30BaTejiHH H3HCKBaHHa) yneSHaTa ^OKyMeHTaHHJi h yneSHHHHTe ca b 
roji»Ma CTeneH CTaH/iapTH3HpaHH. Hobo yneSHO cbfltpacaHne He 6h Morao jx& 
ce bkhiohh, aKo TOBa He e npeflBH/ieHO B /rbpacaBHHre o6pa30BaTejiHH 
H3HCKBaHHa. 3aTOBa HaniaTa ntpBa 3a^ana e npe3 cpaBHHrejieH aHanH3 Ha 
StJirapcKHre h nyac/iecTpaHHHTe yneSmi CTaH/iapTH jx& npenemiM ^anH b 
StJirapcKOTO yHHJiHine HMa xopn30HT 3a TaKOBa pa3BHTne. 

Ot Apyra CTpaHa BKJiiOHBaHeTO Ha xyivtaHHTapHH eneMeHTH b 
oSyneHHeTO no xhmhji e^Ba jih Moace j\& pa3Hnra Ha ycnex, aKo yHHTejinre He 
ca cneu,HajiHO no/iroTBeHH 3a TOBa. y Hac, oSane, nnncBa CTaH/japT, kohto #a 
HMa xapaKTepa Ha cnncfaK ot yMeHHa h KOMneTeHHHH, kohto TpaSBa ,zja 
npnreacaBaT cnennajiHCTHTe c Bncnie o6pa30BaHHe (TomeB, 2001). 

AMepHKaHCKHflT onHT 

Iroflxo/rbT Ha CTaH^apTHTe (standard-based approach) HMa 3a Hen ,zja 
rapaHTHpa Ha bchhkh yneHHHH, He3aBHCHMO Khj\Q ynaT h kbm koh couHanHH 
hjih eTHHnecKH cnoeBe npHHa/iJieacaT, ^o6po o6pa30BaHHe. TaKtB e h 
CMHCBJitT Ha aMepHKaHCKHa o6pa30BaTejieH 3aKOH, 03arjiaBeH "No Child Left 
Behind" (2001). ^anenHaTa iien Ha pecbopMnpaHeTO Ha aMepHKaHCKOTO 
ynHJiHine ^pe3 o6pa30BaTejiHHTe CTaH^apTH e noBHinaBaHeTO Ha HaynHaTa 
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rpaMOTHOCT Ha aivtepHKaHCKOTO HaceaeHHe (AAAS, 1990; NRC, 1996). 
HayHHa rpaMOTHOCT 03HanaBa noBene 3HaHHa h pa36npaHe Ha npeflMeTa Ha 
HayKaTa, npeflCTaBeHa npe3 (bronKaTa, xHMHjrra, SHOJiorrorra h HayKHTe 3a 
3eM3Ta. Ome TOBa 03HanaBa pa36npaHe Ha npnpoflaTa Ha HayKaTa h HeiiHaTa 
pona b oSmecTBOTO h acHBOTa Ha OT^ejiHHJi hobck. Te3H TBtpflemui Moace jx& 
ce pa3HiH(j)pHpaT no cjie^HHa HanHH (Matthews, 1994): "3HaHne 3a 
ocHOBHHTe npHHHHnn, 3aKOHH, npe/iCTaBH h (baKTH, Btpxy kohto ce rpa/pi 
HayKaTa; no3HaBaHe Ha HaynHaTa MeTOAOJioraa ^o CTeneH Ha H3noji3BaHe 
npn Hyaena; Bpi,3Ka Ha HaynHnre TeopHH c eaceflHeBHHa >khbot h 
pa3no3HaBaHe Ha xhmhhhhtc, (broHHHHre h SnojiorHHHHTe npouecn b CBeTa 
okojio Hac; nyBCTBO 3a TOBa KaK HayKaTa h CBi>p3aHHTe c Hea TexHOJiorHH 
B3aHMOAeHCTBaT c HKOHOMHKara, KyjiTypaTa h nonHTHKaTa; no3HaHHa Btpxy 
HCTopnaTa Ha HayKaTa, 3a jx& ce pa36epe KaK KyjrrypHH, MopanHH hjih 
pejiHrH03HH chjih ca AOBenH ro hchhoto (bopMHpaHe". 

cDeflepanHHTe HayHHH CTaH^apTH (NRS, 1996) ce OTHacaT #o bchhkh 
eaeMeHTH Ha aivtepHKaHCKaTa o6pa30BaTejiHa CHCTeMa. Te BKniOHBaT 
cae^HHTe CTaH^apTH: Science Teaching Standards; Standards for Professional 
Development for Teachers of Science; Assessment in Science Education; Sci- 
ence Content Standards; Science Education Program Standards; Science Edu- 
cation System Standards. 

Ha maTCKO hhbo Cbmo ca pa3pa6oTeHH o6pa30BaTejiHH CTaH/japTH, 
kohto MoraT jx& OTHHTaT h hskoh ocoSeHOCTH Ha oSjiacTra, Kt/ieTO Te ca 
BanH^HH. He StflemHTe yHnrejiH TpaSBa cneuHanHO jx& St^aT roTBeHH 3a 
BHacaHe Ha KyjiTypHH h hctophhcckh KOMnoHenrH b StflenxaTa ch yneSHa 
npaKTHKa, ce Bnac/ia scho ot aneflBanxHTe npHMepH (ToiueB, 2001). 

[CJincmdapm 1. YHHTenaT no npHpo^HHTe HayKH pa36npa ocHOBHHTe 
noHaTHa, cpe/iCTBaTa 3a H3aneflBaHe, HCTopHjrra h ctHTHOCTra Ha npnpoflHHTe 
HayKH, 3a jx& ch3j\&j\Q yMemia 3a yneHe y yneHHHHTe, kohto me no3BOJijrr 
pa3aHHHHTe acneKTH Ha npnpoflHHTe HayKH #a ce H3HbJiHJiT cbc cbfltpacaHHe. 
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H3.HBA (Performances): ... 10. YHHTejurr no npnpoflHH HayKH 
ocnrypaBa pa3JinHHn BtSMoacHOcrn 3a yneHnnnTe jx& ocmhcjijit npnpoflHHTe 
HayKH b TexHHa HCTopnnecKH h KyjiTypeH kohtckct, H3noji3BaHKH npnMepn 
ot HCTopnjrra n BKjnoHBantn ynemi ot ^BaTa nona n pa3JiHHHH KyjrrypHH n 
oSmecTBeHH rpynn; 11. YnHTejiHT no npnpoflHHTe HayKH H3noji3Ba yneSffli 
noMarana, kohto HjnocTpHpaT ^HHaMHKaTa Ha pa3BHTHeTO h ecTecTBOTO Ha 
npnpoflHHTe HayKn; 12. YHHTejurr no npnpoflHH HayKH ocnrypaBa 
B"b3MO>KHOCTH Ha yHeHnnnre jx& pasraeac^aT ecTecTBeHHTe HayKH KaTO 
nponec Ha pa3niHpaBaHe Ha 3HaHHjrra, a He KaTO OKOHnarejiHa h He Ttpronna 
npoMaHa HCTHHa. 

3HAHHH (Knowledge): ... 15. YHHTejurr no npnpoflHH HayKH 3Hae, 
ne HCTopHjrra Ha HayKaTa noMara Ha yneHHHHTe #a oneHaT HaHHHaHHjrra b 
HayKara; 16. YnHTejiHT no npnpoflHH HayKH 3Hae, ne hjikoh nepnoAH b 
HCTopnaTa Ha HayKaTa ca ^OBejiH ^0 cbinecTBeHH npoMeHH b npe^CTaBaTa hh 
3a CBeTa; 17. YnnTejiaT no npnpoflHH HayKH 3Hae, ne HayKaTa ce npoMeHa 

SaBHO Hpe3 MaJIKH floSaBKH KbM HayHHOTO n03HaHHe H He HOBHTe HayHHH 

Hflen, kohto boast ao CfaniecTBeHH npoMeHH b HaynHOTO MHCJieHe, ce 
Bt3npHeMaT SaBHo; 18. YHHTejurr no npnpoflHH HayKH 3Hae, ne c HayKa ca ce 
3aHHMaBajiH HaH-pa3JiHHHH xopa, npHHa/uieacainn Ha pa3JiHHHH KyjiTypHH h 
connajiHH oSihhocth; 19. Yhhtcjist no npnpoAHH HayKH 3Hae, ne HayKaTa e 
HOBeniKH CTpeMeac 6e3 orneA Ha non, oSinecTBeHa, KyjiTypHa huh eTHHnecKa 
npHHa/iJieacHOCT, KaTO pa3BHTneTO Ha HayKaTa pa3Hnra Ha TaKHBa HOBeniKH 
KanecTBa KaTO apryMeHTHpaHOCT, 3a/rbJi6oHeHOCT, eHTycnastM, cp^hhoct, 
TBopnecTBO, HHTejieKTyajma necTHOCT, CKenrHHH3i>M h OTBopeHOCT 3a hobh 
H^en; 20. YnHTejiaT no npnpoflHH HayKH pa36npa, ne yneHHre ca noBJinaHH 
ot CBOHTe connanHH, KyjiTypHH h jihhhh ySeac^eHHa. 

HATJIACA (Dispositions): ...9. YnHTenaT no npnpoflHH HayKH 
npH3HaBa h neHH npHHOca Ha bchhkh yneHH, He3aBHCHMO ot TexHna non h 
npHHa/iJieacHOCT KbM onpeflcneHa connajiHa h KyjiTypHa rpyna; 10. YnHTejurr 
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no npnpoAHH HayKH oneHJiBa, ne HayicaTa ce pa3BHBa b rslrqu connaneH 
KOHTeKCT, KoeTO BHaca OTneHaTtK Btpxy nocTaHOBKaTa Ha HayHHHTe 
B"bnpocH, cfaSHpaHeTO Ha jiaumi h (JDopMyjinpaHeTO Ha HayHHHTe oSacHeHHa; 
12. YnHTejiaT no npnpoflHH HayKH npH3HaBa, ne b HayKaTa HaMa 6e3ycjiOBHH 
aBTopHTeTH h He HayKaTa e OTBopeHa 3a cnopoBe h /nicKycHH. 

Te3H npHMepn apKO fleMOHCTpnpaT roTOBHOCTTa Ha aMepHKaHCKnre 
ynHTejiH 3a HHKopnopHpaHe Ha noflxoflamn npHMepn ot HCTopHjrra h 
(JDHJiococJDHjrra Ha HayKaTa b yneSHaTa ch npaKTHKa b KJiac. 

BbJii apcivai a npaKTHKa 

BBJirapna onie He pa3nojiara c ntJieH KOMnjieKT o6pa30BaTejiHH 
CTaH/japTH. IIoapoShh cnncbnH ot yvteHHa h KOMneTeHUHH, kohto ce 
rapanrnpaT Ha Stflemnre yHnrejiH ot BncniHTe yHHnnme, Kb/ieTO Te ca 
ynnjiH, onje HaMa. no/wtpacaHeTO Ha KBanH(j}HKanH»Ta Ha yHHTejinre npe3 
najiaTa hm Kapnepa e Btnpoc, kohto ome H»Ma MO^epHO h e(J)eKTHBHO 
penieHHe. HMa nofl03peHHe, ne MOflejrbT Ha no/iroTOBKa Ha Stflemnre 
ynHTejiH He e bi>3mo>kho Han-AoSpnaT (TonieB, 2001). Pa3pa6oTeHH ca 
AtpacasHH o6pa30BaTejiHH H3HCKBaHHa 3a yneSHO cbfltpacaHHe h Ha TaxHa 
ocHOBa ca npe/uioaceHH yneSmi nporpaMH 3a sa^uiacHTejiHaTa h 
npocJDHJiHpaHaTa noflroTOBKa 3a IX h X KJiac (MOH, 2000), no-KbCHO 
Aon-bJiHeHH etc ctOTBeTHHTe nporpaMH 3a XI h XII KJiac (MOH, 2003). Ha 
ocHOBaTa Ha Te3H nporpaMH ca HanncaHH h ofloSpemi ctOTBeTHHTe 
yneSHHHH 3a yHHJiHiHHHa Kypc no xhmm. 

Eto KaK b Te3H nporpaMH ca Ae(J3HHHpaHH nejinre Ha oSneHHeTO no 
xhmm b IX h X KJiac: „yHeHHu,HTe jx& npHfloSnaT cncTeMa ot 3HaHHa 3a 
xHMHHHHTe eneMeHTH, BemecTBaTa, kohto Te o6pa3yBaT, h npoMeHHTe, 

KOHTO Ce H3B"bpHIBaT B TAX, Ha HHBOTO Ha KJiaCHHeCKHTe eJieKTpOHHH 

npeACTaBH...no OTHonieHHe Ha 3HaHHjrra: jxa ce 3afl"bJi6oHaT TeopeTHHHnre 
3HaHHa 3a KJiacH(J3HKaLi,Ha Ha XHMHHHHTe eneMeHTH 3a CTpoeaca Ha 
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BemeCTBOTO H 3a XHMHHHHTe peaKU,HH Ha HHBOTO Ha KJiaCHHeCKHTe 
eJieKTpOHHH npeflCTaBH (3a II HHBO - KBaHTOBO-MexaHHHHH)... IIO OTHOHieHHe 

Ha yMeHHaTa: jx& ce pa3Bnjrr HHTejieKTyanHH yMeHna, CBtp3aHH cbc 
cpaBHeHne Ha oSckth; oSoSineHHa, aHanH3 Ha chctcmh h cnryannH; 
(JDopMyjinpaHe Ha npeflno.no aceHna h xHnoTe3H.... IIo OTHOHieHHe Ha 
u,eHHOCTHHTe opHeHrauHH: jx& CbfleMcTBa 3a nocTHraHe Ha MOTHBanna 3a 
yneSHa achhoct b yanoBHjrra „o6pa30BaHHe npe3 nejina >khbot", jx& 
CbRQpLCTBa 3a (J)opMHpaHe Ha MnporjieA h mctoa Ha no3HaHHe, pa3BHTHe Ha 
MHCJieHeTO, BtoSpaaceHneTO h HHrejieKra Ha yneHHKa, Ha TBopnecKOTO 
Hanaro b HeroBaTa flenHOCT...". Eto KaK ca ^e4 )HHH P aHH ne-nnTe Ha 
oSyneHHeTO no xhmm b XII Knac: „B pe3yjiTaT Ha oSyneHneTO no xhmm 
yneHnnnTe me MoraT jx&: onncBaT aBJieHna, nponecn, CBoncTBa, 
npnjioaceHneTO b npaKTHKaTa h (j)H3HOJiorHHHOTO fleMcTBne Ha opraHHHHHTe 
BemecTBa, Kaicro h #a pa3rjieac/iaT BtnpocH CBtp3aHH cbc saMtpcaBaHeTO Ha 
OKOjmaTa cpefla;...pa6oTaT b 6e3onacHH ycnoBna h H3noji3BaT mctoah 3a 
aHanH3 n cnnre3 Ha opraHHHHH BeinecTBa h npo/iyKTH, saivrbpcaBainn 
OKOJiHaTa cpe^a, KaKTO h jx& OKa3BaT m>pBa noMom npn paSoTa c TaKHBa 
BeinecTBa;... npn^oSnTHTe npn oSyneHneTO no npe^MeTa 3HaHna, yvieHna h 
H3rpa/ieHH OTHOineHna ca ocHOBa, kojito me no3BOJin Ha yneHHHHTe jx& 
KaHAH/iaTCTBaT b yHHBepcHTeTHTe 3a oSyneHne no npo(J)ecHH, CBtp3aHH c 

XHMHHHH 3HaHH3, KaKTO H B AP)TH oSjiaCTH Ha npHpOflHHTe HayKH, Kb^eTO 

xHMHaTa He e ocHOBeH npeflMeT...". 

B cbfltpacaTejieH nnaH xHMHjrra b Te3H nporpaMH e npe^CTaBeHa 
CTaTHHHO KaTO HaSop ot 4>aKTH, kohto MoraT jx& Stflar HHTepnpeTnpaHH Ha 
no-HHCKO hjih no-BHCOKO hhbo h MeTO^H c npaKTHnecKO npHJioaceHHe, KOHTO 
TpaSBa jx& ce OBJia/iejrr ot yneHHHHTe, 3aiHOTO TOBa me St/ie ot 3HaneHHe 3a 
cneflBamoTO hm o6pa30BaHHe n npo^ecnoHanHa Kapnepa. Hhiho ot 
^HHaMHKaTa b pa3BHTHeTO Ha HayKaTa KaTO c6jit>ct>k Ha H^en h pe3yjiTaTH, 
nun KyjiTypHO-HCTopHHecKHTe h coHHanHHre acneKTH Ha HayKaTa BtB 
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B3aHM0fleHCTBHeT0 h c oSmecTBOTO, He 6h Monro aa ca HaMepH B Te3H 
nporpaMH. 3aTOBa BKaiOHBaHeTO Ha eaeMenrH Ha HCTopnaTa h (JDHJioccxJDHjrra 
Ha xHMHaTa h KyjiTypHHTe acneKTH Ha HayKaTa b yaeSHOTO ctatpacaHHe b 
KJiac Ha nptB noraea roraeacaa HeBt3MoacHO, ho aoSpnaT h noaroTBeH b 
Te3H nocoKH yHHTen Moace aa ch ro no3BOJiH, 3amoTO H3pHHHH 3a6paHH 
othocho TaicbB MeToa Ha npenoaaBaHe bcbhihoct roiMa b atpacaBHHre 
o6pa30BaTejiHH H3HCKBaHHa 3a yaeSHO cbatpacaHHe. 

nperaeatT Ha roaaaeHHre B ctOTBeTCTBHe Ha atpacaBHHre 
o6pa30BaTejiHH H3HCKBaHHa 3a yaeSHO cbatpacaHHe yaeSHHHH noKa3Ba, ae 
aBTopHTe Bee naic ca HaMepHJiH HaaHH aa BKaioaaT KpaTKH HCTopnaecKH 
CBeaeHHa b npeaaaraHHre ypoun. OTaeaHHre ypouH Ha HCTopnaecKa 
TeMaTHKa, oSaae, ca paaKOCT — HMa HanpHMep ypoK „HcTopHa Ha 
B"b3HHKBaHeTO Ha opraHHHHaTa xhmhs KaTO HayKa" (reoprneB h ap-, 2007). B 
Etarapna HCTopnaTa Ha HayKaTa aecTO ce pajSnpa KaTO xpoHoaoraaHO 
H36po»BaHe Ha 4>aKTH hjih cboSmaBaHeTO Ha OTaeaHH HCTopnaecKH enrooan, 
oShkhobcho HeAeHCTBHTejiHH bctjhhoct, 3a aHraacnpaHe BHHMaHHeTO Ha 
oSyaaBamHTe ce. ToBa, oSaae, He e b npeaMeTa Ha cbBpeMeHHOTO pa3BHTne 
Ha HCTopnaTa h (JmaococJmaTa Ha HayKaTa, b kocto pa36npa ce HMa 
nepHOAH3au,Ha Ha HayKaTa, ho ocHOBHHre uean ca KbM pa3KpnBaHe Ha 
MexaHH3MHTe h 3aKOHOMepHOCTHTe Ha HayqHOTO anpeHe (Meacay ocHOBHHTe 
HayHHH cnncaHHa b oSaacna, HanpHMep, ca: Ambix. TheJournal of the Soci- 
ety for the History of Alchemy and Chemistry, The British Journal for the His- 
tory of Science, Isis. An International Review Devoted to the History of Sci- 
ence and Its Cultural Influences huh Foundations of Chemistry: Philosophi- 
cal, Historical, Educational and Interdisciplinary Studies of Chemistry). Eto 
h eaHH HecnoaynaHB npnMep 3a H36poaBaHe Ha HCTopnaecKH (J3aKTH (HemcoB 
h ap., 2006): „1.5. Ypaenenue na HJpbodumep. Bodopodnunm amoM. IIpe3 
1926 r. IIIpboaHHrep BtBeacaa ypaBHeHneTO, KoeTO onncBa aBHaceHHeTO Ha 
eaeKTpoHa. BcaKO ot penieHnaTa My npeacTaBaaBa eaHa (])yHKHHa \\i, anaTO 
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ctohhoct e onpefleneHa 3a BcaKa TOHKa ot npocTpaHCTBOTO (x,y,z) h 3a BceKH 
MOMeHT t: \|/= \|/(x,y,z,t). Hapnna ce BbJiHOBa (jjyHKijHfl. HeHHHjrr (J)H3HHeH 
CMHCbJi e pa3KpHT ot BopH (1926 r.): KBa^parbT Ha BbJiHOBaTa 4>yHKHHJi (\\i ) 
e paBeH Ha BepojrmocTra P(x,y,z,t) ejieicrpoHbT j\& ce HaMHpa b TOHKaTa 
(x,y,z) b MOMeHTa t. IIpH cjiwkhh CHCTeMH - aTOM c flBa h noBene ejieKTpoHa, 
MOJieKyna h t.h., ypaBHeHHeTO Ha IIIpbOflHHrep He Moace jx& 6b/ie peuieHO 
tohho... YpaBHeHHeTO Ha IIIpbOAHHrep 3a BOflopoflHH» aTOM ce peniaBa 
tohho..." Bchhko TOBa TpaSBa #a ce ct>o6ihh ot ynHTena h j\a ce Haynn (6e3 
pa36npaHe) ot yneHHKa, npn KoeTO BceKH yneHHK HopManHO e #a nonHTa: 
„KaKBO e TOBa mhthhho ypaBHeHne, KoeTO hhkoh He noKa3Ba h 3amp TpaSBa 
JX& noMM Hema, kohto ce OTHacaT ^o to3h npropaneH cySeKr". 

06cb/K/|aHC M lipciiopbKM 

Cnopefl Glasersfeld (1993) "yneHeTO 3anoHBa cbc cb3#aBaHe Ha 

CHTyai],HH, Kb^eTO yHeHHHHTe HMaT Bb3MO)KHOCTTa J\& H3nHTaT 

yflOBOJiCTBHeTO, npncbmo Ha peniaBaHeTO Ha npoSjieivia." BKniOHBaHeTO Ha 
eneMeHTH Ha HCTopHjrra h (JDHJiococJDHaTa Ha HayKaTa b yneSHOTO cb/rbpacaHne 
HecbMHeHO cb3/iaBa cpe^a 3a TOBa h noflnoMara 3aflbpacaHeTO Ha HHTepeca 
Ha oSynaBamHTe ce KbM HayKaTa. A TOBa c noBTopeHHjrra ch b yneSHHa 
npouec cb^eiicTBa 3a (J)opMHpaHeTO Ha HaynHa rpaMOTHOCT b yneHHiiHTe. Eto 
KaK H3rjieacAa MO^eJibT Ha Bpb3KHTe Meac/iy HaynHaTa rpaMOTHOCT (scientific 
literacy), yneSHOTO cb/rbpacaHne (SCK), HCTopHjrra Ha HayKaTa (HOS) h 
CbH(HOCTTa Ha HayKaTa (NOS) (Kim & Irving, 2010): 
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Fig. 1 . Bpt3Ka Meac/iy HaynHaTa rpaMOTHOCT, yneSHOTO CbfltpacaHHe, 
HCTopnaTa Ha HayicaTa h cfamHOCTTa Ha HayicaTa. 

Ot to3h MO/ieJi CJie^Ba, ne HCTopHara Ha HayKaTa Moace jx& npefljioacn 
AoSpn npHMepn, npe3 kohto jx& ce nocTHrHe no-flo6po pa36npaHe, KaKTO Ha 
Tpa/iHLi,HOHHOTO yneSHO cbfltpacaHHe (SCK), TaKa h Ha cbiHHOCTTa na 
HayKaTa (NOS). Ako, oSane, ynHTejiHre He ca no/iroTBeHH cneHHanHO 3a 
TOBa, npaKTHKaTa noKa3Ba, ne Te ca ckjiohhh jx& HrHopnpaT Ta3H MaTepna b 
KJiac, ocoSeHO npn He^ocTHra Ha yneSHO Bpeivte h cb^tpacaTejiHaTa 
oSpeMeHeHOCT Ha TeMnre, kohto TpaSBa na npeno/iaBaT (Tamir, 1989). 
IipeflJioaceHH ca flBa HanHHa 3a BKinoHBaHe Ha HCToprorra Ha HayKaTa b 
yneSHOTO cbfltpacaHHe (Matthews, 1994): "add-on" - noflxofl h "integrated" 
— no^xo^. ripn ntpBHa noflxoA yHHTenaT npe^aBa yneSHOTO cbfltpacaHHe 
cnopefl cbBpeMeHHHTe npe^CTaBH h nocne ro HJiiocTpHpa c HCTopnnecKHTe 
npHMepn; npn BTopna no/rxofl HCTopHnecKHTe (J3aKTH h3h»jio ca 
HHTerpnpaHH b npeno/iaBaHOTO yqeSHO cbfltpacaHHe. fleiiHOCTHTe 3a 
HHTerpnpaHe Ha HCTopHara Ha HayKaTa b yneSHOTO cbfliipacaHHe BKniOHBaT 
jieiCHHH, B"b3npoH3Be>KflaHe Ha HCTopHnecKH eKcnepHMeHTH, poneBH nrpn b 

^eSaTH no HCTOpHHeCKH TeMH, BKJIIOHHTeJIHO JIK)6onHTHH enH30AH OT 

pa3BHTHeTO Ha HayKaTa, ^paivia (Akyol & Himamci, 2007) h HaKpaa neTeHe h 
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HHTepnpeTHpaHe Ha flaHHH ot opHrHHajiHH TeKCTOBe c HCTopnnecKO 
3HaneHHe. 

C fffcpacaBHHTe o6pa30BaTejiHH H3HCKBaHHa 3a yneSHO cbfltpacaHne ce 
nejin b ronaMaTa ch nacT yneHnnnTe jx& ycBoaT HaMnpamoTO ce b Tax yneSHO 
CbfltpacaHHe. B to3h cmhcbji ce onaiCBa ynnjinmeTO jx& rapaHTHpa, ne TOBa ca 
HayHHH (J)aKTH, TeopHH h yMeHHa, kohto HeroBHTe yHeHnnn npnreacaBaT 
CJieA 3aBi>pniBaHe Ha Kypca Ha oSyneHne. Bene ce noaBHxa rocjieflBaHna, 
kohto noKa3BaT, ne ManKa nacT ot yneHnnnTe b EtJirapna noKpnBaT 
AtpacaEHHTe o6pa30BaTejiHH H3HCKBaHHa 3a yneSHO cb/rbpacaHne no xhmhji 
(KnpoBa h jjp., 2010). HaBapHO TaKOBa e nojioaceHneTO h npn ocTaHanHTe 
yneSffli npeflMeTn. 3aTOBa npepaSoTKaTa Ha ffbpacaBHHTe o6pa30BaTejiHH 
H3HCKBaHHa Bene H3rjieac/ia ocb3HaTa HeoSxoflHMOCT. Hobhtc fltpacaBHH 
o6pa30BaTejiHH H3ncKBaHHJi, oSane, TpaSBa na St^aT rorpa/ieHH Btpxy HOBa 
4)HJioco(J)Ha, onHT 3a kojito e npe^CTaBeH b HacToamaTa CTaTna. Pa36npa ce 
AtpacasHHTe o6pa30BaTejiHH H3HCKBaHHa TpaSBa Bene jx& St^aT npeflCTaBeHH 

B HLJIHHJI HM 06eM CbC CTaHflapTH3HpaHe Ha BCHHKH fleHHOCTH H HHBa B 

StJirapcKOTO o6pa30BaHHHe KaTO MOflejrbT, kohto npe/uiara aivtepHKaHCKaTa 
o6pa30BaTejiHa CHCTeMa, onncaH no-rope, roraeac/ia noflxoflam n 3a HamnTe 
ycjiOBna. 
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HISTORY OF CHEMISTRY AND ITS PLACE 
IN THE SCHOOL CHEMISTRY 



Abstract. History and philosophy of chemistry belongs to the humani- 
ties more broadly than to science. The inclusion of humanitarian elements in 
chemistry education can increase students' interest to chemistry. School sub- 
ject curriculum, however, largely depends on what is included in the state 
educational requirements for learning content. The U.S. educational standards 
include the history and philosophy of chemistry both in curriculum and train- 
ing of future teachers as an overriding obligation. In the Bulgarian standards 
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no such obligation is presented. This article advocates the humanization of the 
course in chemistry in high school and highlights the benefits of this, and 
mentions some of the ways to implement such a change. 
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Abstract. The paper presents the effect of a free word association test, 
content analysis and concept mapping on students' achievements in human 
biology. The free word association test was used for revealing the scientific 
conceptual structures of 8 th grade and 12 th grade students, around a stimulus 
word - human being - and for motivating them to study human biology. The 
stimulus word retrieved a cluster of associations most of which were based on 
science education and experience. Associations with the stimulus word were 
analyzed and classified according to predetermined criteria and structured by 
means of a concept map. The stimulus word 'human being' was quantitatively 
assessed in order to find out the balance between the associations with its dif- 
ferent aspects. On the basis of the results some connections between biology 
and other sciences studying the human being, were worked out. Each new 
topic in human biology was studied by using content analysis of the textbook 
and concept mapping as study tools and thus maintaining students' motiva- 
tion. Achievements of students were assessed by means of tests, observation 
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and concept maps evaluation. The obtained data was also valuable in clarify- 
ing the complex nature of the human being, and confirming the statement that 
biology cannot answer all questions, concerning human nature. Inferences 
were made about the word association test combined with content analysis 
and concept map construction as an educational strategy. 

Keywords: motivation, word association test, human being, concept 
maps, content analysis, human biology 



Aims 

The study was directed to finding the answer to the following ques- 
tions: What are the differences between the associations of 12 th grade students 
and those of 8 th grade students to the stimulus word human being} How do 
concept maps of associations motivate students to learn? Does content analy- 
sis and construction of concept maps, followed by discussion, support motiva- 
tion and engage students in productive work? 

Introduction 

The number of students that lack motivation for learning has been 
increasing of late (Mclnerney, 2000) and this problem is attracting more and 
more researchers to study and attempt to solve it. One of the possible reasons 
for this motivational problem is that they do not possess the skills to learn 
successfully and find "learning of abstract and highly conceptual nature of 
science very difficult" (BouJaoude & Attieh, 2008). 

Motives are widely defined; at one end they can be incentives or 
provocations to action, because they induce a person to act (Davidov, 1983). 
At the other, they can be little more than "hypothetical constructs used to 
explain why people are doing what they are doing" (Brophy, 2004). On the 
other hand, the term motivation is a basic category in modern psychology and 
ethology (Dessev, 1996). Biological motivation is regarded as a complex of 
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compensatory reactions of animals to disturbances in their homeostasis, e.g. 
thirst, hunger, breeding and parental behaviors, etc. (McFarland, 1985). 
Psychological motivation is regarded as a "theoretical construct used to 
explain the initiation, direction, intensity, persistence and quality of behavior, 
especially goal directed behavior" (Brophy, 2004). It is caused by a number of 
motives, such as needs, interests, desires, fears, emotions, attitudes, ideals and 
values (Davidov, 1983). Each of these motives impels towards achieving 
one's desired or intended goals (Stamboliev, 1996). The boundaries between 
affective ("feelings connoting emotional or visceral reactions") and cognitive 
("thinking") variables of motivation are considered to be "rather blurry" 
(O'Neil & Drillings, 1994) though the two are very often contrasted. Certain 
kinds of behavior are repeated if they remove stress and danger and are 
assisted with positive feelings as "seeking pleasure is a reflex response built 
into our genes for the preservation of the species" (Gilbert, 2002). Motivation 
is a very complex phenomenon, playing a crucial role in learning, whose 
different aspects are studied by many scholars. Some concentrate on 
physiological basis of behavior (Maslow, 1943; Levine, 2000, pp. 41-94), 
others look for the effects of educational motivation (Brophy, 2004); still 
others study the mechanism of motivation (Gilbert, 2002; Graham, 1994). 
Motivation is regarded as intrinsic or extrinsic (Schunk et al, 2008) affected 
by goals, goal orientation and goal settings (Alderman, 2004), directed to 
achievement and competence (Elliot & Dweck, 2005), essential for classroom 
activities (Gilbert, 2002), dependant on attribution beliefs, social factors and 
the social climate in the classroom (Alderman, 2004), etc. 

The understanding of motivation is based on knowledge of motiva- 
tional variables and task characteristics (O'Neil & Drillings, 1994), social 
mediation of motivational variables (Rueda & Moll, 1994), cognitive control 
of affective states (Schunk et al, 2008), praise versus blame and reflective 
self-awareness (Graham, 1994), measures of motivation (McCombs, 1994), 
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motivation of individuals in team teaching (Swezey et al, 1994) importance 
of curiosity and exploration (Lehwald, 1991) and so on. 

Snow & Jackson (1994) come to the conclusion that instructional 
learning involves a mixture of cognition, conation and affection or of knowl- 
edge, feelings and action. McCombs (1994) studies the role of volition in 
motivation and proves the importance of persistence (the energy with which 
an individual pursues a goal) and values (the significance of the goal that the 
individual will pursue) as key constructs. Rueda &. Moll (1994) study the 
interpersonal processes within which individual activity occurs. Pintrich 
(1999) investigates the effect of motivation on self-regulated learning. 

The importance of motivation in all aspects of human life and espe- 
cially in education is the reason for such a great interest in it and for the many 
theories proposed for its understanding. Based on clarification of motivation 
from the studied literature, our search was directed to the effect of cognitive 
motivation on students' learning achievements in human biology by using a 
word association test as the beginning followed by content analysis, concept 
map construction and discussion. 

Method 

Often students are not internally motivated and need situated motiva- 
tion, created by teachers through special environmental conditions in the 
classroom. Such motivational conditions were created using word association 
test. However, arousing motivation at the beginning of the studies is not suffi- 
cient for successful learning; motivation should be sustained throughout the 
whole course of the study. This problem was solved by succeeding word asso- 
ciation test with the use of content analysis and concept map construction. The 
three methods were used consecutively in the process of studying human biol- 
ogy, followed by discussion. 
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Participants 

The sample of investigation involved 80 students in the 8 th grade (the 
end of middle school, 14-15 years old) and 40 students in the 12 th grade (the 
end of high school of secondary schools in Bulgaria). The investigation cov- 
ered the 2006/2007 school year and was repeated during 2007/2008 school 
year with students from two secondary schools in Sofia. The 12 th grade stu- 
dents participated in the word association test, not in the study of human biol- 
ogy in which the content analysis and concept map construction methods were 
used. They studied human biology when they were in the 8 th grade and 
enlarged their knowledge of the human being in general biology courses and 
in humanitarian and technological subjects in the 9 th - 1 2 th grades. Through the 
mental picture of a human being that was on top of their minds at the end of 
secondary school later in life they would percept people they meet. 
Comparing the mind maps of 12 th grade and 8 th grade students we wanted to 
see the dimensions of development of the fundamental concept human being. 

Variables: The 8 th grade students were divided into three groups 
(variables): Bl (20 students) - use of word associations for motivation; B2 (30 
students) - use of word associations for motivation and demonstrations of 
concept maps in teachers' presentations; B3 (30 students) - use of word 
associations, concept mapping by the students for homework, discussion and 
concept maps improvement in the classroom (see procedure). 

Instruments 

Free word association test 

This is a reliable technique used as a procedure for measuring number, 
direction and strengths of connections (Novak & Govin, 1984; Mervis & 
Rosh, 1981). 

The ability of the brain to make associations and facilitate learning and 
intellectual development has been studied and elucidated by many scientists. 
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Some studied the nature of associations and the mechanisms of their building 
by the brain (Bain, 1894; Pavlov, 1927). Others directed their investigations 
to associative memory (Maki, 2007), associability (Suret & McLaren, 2005), 
associative learning (Levine, 2000, pp. 41-94; Wills, 2005). Still others were 
attracted by word association technique, cluster analysis and concept or mind 
map construction in teaching (Smith & Heise, 1992; DiCarlo, 2006; 
BouJaoude & Attieh, 2007), or by association of emotions and thinking (Field, 
2005). 

Free word association test requires responses that are not restricted to 
any specific category or class of words. In tests of discrete word association, 
each participant is asked to produce only a single associate to each word, 
while in tests of continuous association, the stimulus word or the list of 
stimulus words is presented to the respondents only once and they are asked to 
give as many associations as they can in a pre-specified period of time. 

Concept Mapping 

Concept mapping is a promising teaching and learning method that 
enhances students' achievements by helping them to acquire structured 
knowledge. The human conceptual system is characterized by two main 
concepts - category and schema (Smith & Heise, 1992; Mervis & Rosh, 
1981). The visual representations of these concepts are concept maps (Novak 
& Govin, 1984), mind maps (Buzan & Buzan, 1993), intellectual maps 
(Kostova, 1998, 2000). Psychologists, like geneticists who map the genes, 
map the connections among words which are learned as a result of everyday 
experience (Nelson, 1996). Maps, especially concept maps, aid learning in all 
subjects (BouJaoude & Attieh, 2008; DiCarlo, 2006; Smith & Heise, 1992; 
Marzano, 1997; Suret & McLaren, 2005). In this activity several mental proc- 
esses are involved: comparison, analysis, comprehension, model construction, 
elaboration, retrieval, etc. (Bruner, 1960). Conceptual mapping organizes 
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learning at the level of conceptualization in the sense of the theory of con- 
structivism, the foundations of which were laid by Piaget (1951), (Pintrich, 
1999; Rueda & Moll, 1994; Ducret, 2001). 

Buzan & Buzan (1993) worked out the basic rules for successful con- 
struction of mind maps, incorporating the use of the two hemispheres - logical 
thinking and imagination. Marzano (1997) proposed different graphical organ- 
izers for visual construction of concept maps. Zaller (1992) investigated the 
dependence of word association test on information (knowledge) and predis- 
position of the respondents. Word association test creates a stimulating envi- 
ronment for concept mapping. Authors give different wording of a concept 
map explanation: "a nonlinear diagrammatic representation of meaningful 
relationships between concepts" (DiCarlo, 2006), "a mental model, a sche- 
matic representation, which is a hierarchical structure from interconnected 
words, ideas, problems, solutions, arranged around a key word in radial cir- 
cles" (Buzan & Buzan, 1993). We stick to the definition of Buzan & Buzan 
(1993) and use a concept map as a study tool. 

The concept map can represent a structure of concepts, derived from a 
textbook by means of content analysis or retrieved from the memory by means 
of association test or brain storming (Novak & Govin, 1984). Concept maps 
are used to enhance meaningful learning (DiCarlo, 2008) by providing "fix- 
ture", support, construction of interconnected scientific words (Suret & 
McLaren, 2005; Bandura, 1997). 

Procedure 

First Step: Word association test with 12 th grade students at the end of 
school year 2005/2006 and concept map construction (all students). 

Data collecting was done by requiring respondents to write associa- 
tions with a given word. Each respondent was presented with a sheet of paper 
and a pencil and was instructed to be ready to write his or her responses 
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(words, phrases, ideas) that came to mind in the same succession as they ap- 
peared when hearing a given word. That is, respondents wrote words coming 
on top of their minds as driven by the stimulus. When told the words 'human 
being', they began making their list for the duration of three minutes. The 
papers were collected, analyzed (Table 1), concept maps were constructed 
(Fig.l) using the students' associations with the key word according to chosen 
criteria. Thus a picture of a 'human being' as seen by 12 th grade students was 
constructed around chosen criteria. 



Physiology 



Anatomv 



Ontogeny 



1. Oriain 



14. Philosophy 



Economy 



Ethology 



Genetics 



Ethics 




Didactics 



Civilization 



Sociology 



Culture 



Fig 1. A simplified model of the concept map of 12 grade students' 

associations 



Second step: Word association test, concept mapping and discussion 
(Groups Bl, B2 and B3) at the beginning of school year 2006/2007. 

The stimulus words, 'human being', were presented to the target group 
(the three variables of 8 th grade students: Bl - 20, B2 - 30 and B3 - 30) at the 
beginning of the school year in the biology classrooms of three classes. This 
was at the first school period of studying the course in human biology, mainly 
concerned with human anatomy, physiology and hygiene. Students had stud- 
ied some aspects of the human body in the previous seven grades. Papers were 
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collected and a concept map for each class of 8* grade students was con- 
structed and visualized. The concept maps of 8 th grades were simpler, each not 
more than 25-30 associations (Table 1). 

Table 1. Classification of 12 th grade (first figure) and 8 th grade (second figure) 

students' associations with the stimulus word Human being. (No denotes the 

number of words; figures in brackets denote the repetition number of the 

word) 



Criteria 


% 


No 


Examples 


12 th grade 


8 th grade 


1 . Origin and evolu- 


11/8.8 


34/8 


Struggle for existence, 


living thing (5), 


tion 






natural selection, 
living thing (4), 
adaptation, survival, biologi- 
cal 

species (5), living system, 
animal kingdom, 
mammals (2), 
monkeys, apes, hominoids, 
Homo sapiens (6), 
paleontology, anthropology, 
history, races, 

superior creature (3), evolu- 
tion 


animal kingdom, 
mammals 


2. Individual devel- 


4.5/9.9 


14/9 


Man, woman, fertilization, 


Man, woman, 


opment 






pregnancy, 
birth, growth, 
embryo, child, young, 
youth, adolescent, 
puberty, adult, death 


child, growth, 
pregnancy birth, 
young, adult, death 


3 . Anatomy 


8.7/16.4 


27/15 


Complex structure, cell, 
cellular structure, 
tissues, organs (4), 
systems, locomotion 
system, 

limbs, skeleton, 
cranium, cardio-vascular 
system, respiratory system, 
alimentary system, 
excretory system, 
reproductive system (2), 
nervous system (3), 
endocrine system, 
sensory systems, high func- 
tions 

of the nervous system, 
brain (2) 


Cellular structure, 
tissues, organs (4), 
systems, limbs, 
lungs, stomach (3), 
kidneys, sex or- 
gans, 
nerves 


4. Physiology 


10.6/ 


33/16 


Living processes, nutrition 


Nutrition (4), 




17.5 




(2), 

respiration (2), 
excretion (2), reproduction, 
growth, development, irrita- 


respiration, excre- 
tion, 

reproduction, 
growth, 
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bility, 

movement (3), memory (logi- 
cal, 

visual, short-term memory, 
long-term memory), thinking, 

sleeping, dreams, homeosta- 
sis 
(temperature, mineral salts, 

osmotic pressure, 
hormones, glucose), health (5) 


movement (3), 
health (5) 


5. Ethology 


5.8/4.4 


18/4 


Values, behavior (in nature, 
in school, in nature), 
collaboration, tolerance, 
ethical behavior, respect, 
care, relationships between 
men and women, with 
other people, maternity, 
playing, cruelty, 
killer, smile, 
self-destruction 


Behavior, collabo- 
ration, 
cruelty, smile 


6. Genetics 


3.8/0 


12 


Generation, up-bringing, 
genetic engineering, 
heredity, variation, gene, 
dominance, dominant, 
recessive, karyogram, 
hereditary diseases, therapy 




7. Ethics 


14.5/ 12 


45/11 


Values, respect of adults, 
moral, open-minded, 
caring, gentle, 
good-natured, responsible, 
beautiful, learned, optimistic, 
dedicated, honest, 
amiable, wise, creative, 
experimenter, 
ambitious, innovator, 
strong, researcher, 
hard working, good, 
willful, ready to help, 
bad, obstinate, lazy, 
idiot, ugly, evil, egoist, 
dishonest, cynical, 
distrustful, selfish, 
narrow-minded, 
unjust, unpleasant, 
coward, hypocrite, prudent, 
pompous, irresponsible, 
aggressive 


Beautiful, honest, 
strong, good, bad, 
ugly, selfish, un- 
just, 

unpleasant, cow- 
ard, 
aggressive 


8. Didactics, peda- 
gogy 


6.5/5.6 


20/5 


Upbringing, family, 
parents, text-book, 
encyclopedia, human 
rights, history, 
humanity, development, 
culture, nursery, school, 
university, teachers, 
terrorism, genocide, 
democracy, anarchy, 
despotism, pressure 


Family, text-book, 
encyclopedia, 
teachers, 
school 


9. Civilization 


8.4/6.6 


26/6 


Society, history (old, new), 


War (2), plants, 
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ancient, contemporary, 
struggle for freedom, 
war, state 

(democratic, social), 
government (2), 
technology, independence, 
equality, victim, information, 
technique, modeling, 
internet, destruction of 
nature, plants, animals, 
food, goods 


animals, food, 
goods 


10. Sociology 


5.5/6.6 


17/6 


Humanity, society, people, 
overpopulation, 
feeding, dependence, 
home, family, work 
(job), social creature, 
thinking being, rich, 
poor, survival, 
unemployment, poverty 


People, home, 
feeding, work, 
unemployment, 
poverty 


11. Culture 


5.2/5.6 


16/5 


Music, art, religion, 
God, reading, writing, 

language, alphabet, 
experience, science, 

writer, profession (3), 
novelist, studying 


Music, art, 
studying (3) 


12. Psychology 


9.4/4.4 


29/4 


Psyche, sense, wisdom, 
soul, stupidity, 
intellect, thinking (6), 
cleverness, 
consciousness, 
anxiety, emotions, 
feelings, mind, mistake, 
wit, fear, 

help, speech, communication, 
stress, distress, 
pleasure, enjoyment, 
realization 


Stupidity, wit, 

Cleverness, 

speech 


13. Economy 


1.6/1.1 


5/1 


Industry, agriculture, 
budget, financial 
policy, money 


Money 


14. Philosophy, 
Aesthetics 


4.5/1.1 


14/1 


Micro-cosmos, 

conscience, consciousness (3), 

sensibility (5), world, 

environment, 

beautiful, ugly, 


Environment 


Total 


100/ 100 


310/91 


Average = 7.75 


Average =1.14 



,th 



For a comparison, the concept map of 12 grade students was pre- 
sented and then discussed (Table 2). The discussion directed students towards 
formulation of a hypothesis about the expected benefit from studying human 
biology. 
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Table 2. Discussion on the results from the word association test 



Questions 


Shortened answers 


1 . How do the two mind maps of 

12 th grade and 8 th grade students 

differ? 


They differ in scope and range. 12 th grade 

students show broader understanding 

and conceptualization 

of a human being. 


2. What are the reasons for the 
difference? 


Knowledge and experience of 12 th grade 
students are higher. 


3. Can biology give all the 
answers concerning human beings? 


No. Many branches of science study human 
beings (more than 48). 


4. What major aspects of a 

human being should be studied in 

a course of human biology? 


About the origin, structures, functions, and 

hygiene of the human body and the healthy 

way of life as well as regulation, 

integration and responsible behavior. 


5. What one might gain 
from studying human biology? 


Knowledge and competences to 

understand the human body, 
be healthy and control behavior. 



Third step: Studying the introductory lesson to Human biology with 
the help of content analysis, concept mapping and discussion (Group Bl, B2 
and B3). 

Students in Bl formed four groups of five persons each. The text of the 
lesson was divided into four paragraphs, one for each group, and ten minutes 
were given to read and five minutes to discuss and clarify the information 
between them. They used content analysis but not concept structuring. One 
member of each group had to explain the studied paragraph and the other 
members listened carefully and corrected or added points they thought were 
missing. At the end of the period the teacher then drew their attention to mis- 
understandings and wrong interpretations. 

Students in B2 were given a lecture by the teacher using a concept map 
(Fig 2), stopping after each paragraph and directing them to the textbook. 
They were asked to find the correspondence between map and paragraph and 
write down the concepts, explained by the teacher. Guided in this way they 
followed first the map, then the explanations and finally the textbook. 
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Food, 

shelter, clean 
air, water, 

etc. 



Education, job, 
culture, income, 

etc. 



Biological 



Basic human 



Structure: 

cells, 

tissues, 

organs, 

systems 



& 



Functions: movement, transport, 
respiration, digestion, excretion, 
reproduction, growth, development, 
regulation 



Natural 
origin, place 
in the 
Animal 
kingdom 



2. Needs 



3 . Human anatomy 



i 



^iJ>>l^^^^ 



4. Human physiology 



1 . Evolution }* - Human being 



7. New sciences: knowl- 
edge and understanding, 
methods and technique for 
studying man 



5. Human hygiene 



:z: 



6. Intellectual 
development: 
knowledge, 
. ^ . skills, competen- 



Principles and life 
styles that keep 
healthy all systems 
and functions 



Fig 2. A generalized concept map on the introductory lesson to Human biol- 
ogy, presented by the teacher in G2. 

Students in B3 read quickly trough the text, determined the core con- 
cept and then with help from the teacher, scanned each paragraph, clarified the 
concepts, and structured them into a concept map. Then they compared it with 
the teacher's concept map (Fig 2). A discussion followed to correct students' 
maps and to enrich each concept with the information added by the teacher. 
Students' attention was drawn to the associations for a comparison (Fig 1, 
Table 1). The conclusion they reached from the comparison was that the stud- 
ies to follow would intend to fill in the gap between the concept map of the 
introductory lesson and that of 12 th grade students' associations helping them 
understand themselves and others better and keep a healthy life style. This 
step acquainted students with concept mapping and structuring. It was fol- 
lowed by discussion (Table 3). 
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Table 3. Discussion on the concept map of the Introduction 



Questions 


Shortened answers 


1. What are the arguments for 
the natural origin of man? 


The similarities in the structure and functions of the bodies 
of animals and human beings. 


2. What are the arguments for 
the uniqueness of man? 


Man can study nature and the whole surrounding world 
including him and can develop values and action plans. 


3. What interrelated sciences 
give knowledge of man? 


Human biology (anatomy, physiology, hygiene, etc.), psy- 
chology, cognitive sciences, technology, medicine, etc. 


4. What relations between 
concepts are missing? 


Between: biological and basic human needs, evolution and 
new sciences, etc. 


5. What conclusions from the 
map can you draw? 


The human being is an interrelated entity of structures, 
functions, behavior, emotions and ambitions. He is a unique 
creature. 



Fourth step: Analysis and concept mapping of the topic "The Cell" in 
the textbook (Group B3). 

Students in B3 worked in small groups of two, read the information in 
the textbook; wrote the concepts in the workbooks and constructed maps (Fig. 

3). 



Information, 

transport, 

protection 



Cell membrane & 
cell receptors 



a 



EPR, Golgy bodies, mitochon- 
dria, ribosomes, lysosomes, cell 
centre, inclusion bodies 



Pores - transport, chro- 
mosomes, genes - 
heredity, control of cell 
functions 



2. Structures and their functions 



Shan, size 



1. Moroholoev 



6. Definition 



Cells 




4. Cell division 



<t> 



The smallest structural and 
functional unit of the organ- 
ism. 



5. Cell differentiation 



Mitosis and amito- 
sis (as an exception) 



Cell functions 
in the body 



Different types of tissues: 
epithelial, connective, muscu- 
lar and nervous 



Fig 3. Concept map of the topic'The Cell". There are 32 concepts in 

the textbook 



Following this, a discussion was initiated for clarifying the core con- 
cept, the hierarchy of concepts and the connections between them. Each group 
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participated in the discussion which consisted of presenting its results in ana- 
lyzing/listing the cognitive structure, making the necessary corrections and 
reaching more or less a consensus about the concept map structure. All con- 
cepts in the map were explained and visualized. Groups Bl and B2 continued 
to work as in the third step. 

Fifth step: Analysis and concept mapping of the topic "The Human 
skeleton and the bones" (Group B3). 

Work was divided between home and classroom. Work at home: Each 
student read the text in the textbook, underlined the concepts and constructed 
a concept map. 2. Work in the classroom: A class discussion based upon pre- 
pared questions and directed by the teacher, led to the construction of a con- 
sensus concept map and clarification of concepts (Fig 4) 



Long, short and 

flat bones 



Bone lamellae, 
compact and 
spongy bone, 
bone marrow, 
Deriosteum 



Connective — > 
cartilaginous - 



■ bone 



In length & 
in girth 



Growth 



7 



skull, chest, 
backbone 



Axial 



Composition: 
mineral salts, 
organic 
substance 



Tissues: 
bone, 
fibrous, 
cartilagi- 



The 
human 



2. Parts of the 
skeleton 



3. Compared 

to vertebrate 
skeleton 



z 



Connections 
between 



Girdles (shoulder, 
pelvic), free 
extremities (upper 
and lower) 



Appendicular 



l 



Semimovahle 



Movable: 
joints 



Fig 4. A concept map of the topic 'The Human Skeleton' 

Some students illustrated their concept maps with drawings, using 
Paint Brush or colored pencils of their choice. The concept map helped stu- 
dents in making associations and remembering the structured information, 
which was evident from their participation in the studies and discussions to 
follow. Groups Bl and B2 continued to work as in the third step. 
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Sixth step: Successive studies of the topics in the course "Human Biol- 
ogy" using content analysis, concept map construction and discussion. In the 
discussion on the bases of the concept maps, connections with other branches 
of science were made (Table 4). 



Table 4. Concept maps constructed throughout the course on Human biology, 

elaborated by the students in B3 and demonstrated by the teacher to B2 (No - 

number of concepts in each topic) 



Concept maps on topics: 


No 


Connections with other sciences 


1 . Locomotive system 


55 


Evolution, history, taxonomy, technology, 
chemistry, ethics 


2. Cardio- vascular system 


48 


Medicine, evolution, environment, 
healthy way of life, ethics 


3. Respiratory system 


21 


Evolution, medicine, physics 
(diffusion) , chemistry (gases) 


4. Alimentary system 


42 


Evolution, medicine, food, technology, 

trade, dentistry, diet, alcohol and 

tobacco trade, etc. 


5. Excretory system and 
Homeostasis 


22 


Evolution, medicine, 

technology, cosmetics, fashion, homeostasis, physics, 

(temperature regulation), etc. 


6. Reproductive system and 
Development 


45 


Evolution, medicine, birth control, demography, 
ontology, gerontology, ethology, 
ethics, sexual abuse, culture, etc. 


7. Nervous system 


48 


Evolution, medicine, drugs, 

addiction, psychology, cognitive science, 

ethology, etc. 


8. Endocrine system 


38 


Evolution, medicine, individual development, 
anabolic steroids, aggression, etc. 


9. Sensory systems 


60 


Evolution, medicine, internet, information sciences, 
visualization, ethology, ethics, etc. 


10. Higher functions of the 
Nervous system 


16 


Psychology, didactics, pedagogy, cognition, medi- 
cine, 
ethics, philosophy, media, computer, physics 
(sound and noise), etc. 


Total: 395; Human anatomy: 210; Human physiology: 120; Human hygiene: 65 



The concept map of each chapter integrated scientific concepts of all 
topics in it, which helped the associative learning and long-term memory. 
Groups Bl and B2 continued to work as in the third step. 
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Evaluation instruments 

Observation and assessment of students ' learning behavior 
The learning behavior of students in the three learning conditions was 
assessed and evaluated using predetermined five criteria included in a spe- 
cially constructed checklist: responsibility, attention, activity, persistence and 
valuing of tasks. Assessment of responsibility _was based on positive attitude 
to and in-time solution of learning tasks (Schunk et al, 2008) and personal 
desire for success (Elliot & Dweck, 2005). Attention was assessed on the 
grounds of: focus on tasks, desire for competence (Elliot & Dweck, 2005), 
enjoyment and willingness to engage in learning activities (Deci & Ryan, 
1995; Wright, 1987), intention of acquiring knowledge and self-satisfaction of 
curiosity (Maslow, 1943). The characteristics of activity were: engagement in 
productive work and supporting the motivational climate in the classroom 
(Marzano, 1997), competence in concrete learning actions, collaboration and 
effective communication (Brophy, 2004). Persistence was regarded as: need 
in achieving goals (Maslow, 1943), seeking competence (Elliot & Dweck, 
2005), perseverance and self-regulation in pursuing the task to the end 
(Artino, 2008; Bandura, 1997), esteem needs and confidence in ones ability 
(Maslow, 1943). Valuing of tasks was assessed on the grounds of learning 
behaviors, such as: valuing outcomes (a grade on a product - test, map, effec- 
tive participation in discussion), intended learning benefits (conscious compe- 
tence) (Guilbert, 2002; Nelson, 1996), satisfying the competence need (Field, 
2005), and creative self-expression (Maslow, 1943). Each criterion was as- 
sessed, a personal quotient was estimated and the results were converted into 
marks using a scale in order to be comparable with the results from tests and 
concept maps evaluation. Marking was done using six-point scale from 1 - the 
lowest to 6 - the highest (Table 5). 
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Concept map scoring rubric 

The concept map is radial, spatial, with increasing concentric circles 
from groups of words, coming out from a central key word or words as a 
structure by means of subordination (Buzan & Buzan, 1993). 

The skills and competences of students in concept map construction 
were assessed using six criteria included in a checklist and arranged in levels 
according to successive actions and difficulty. 1) Core concept correctly cho- 
sen: After reading and analyzing the text, the students identified the main con- 
cept (clarified by all other concepts), and placed it at the centre of the map. In 
some cases they used more than one core concept at the center of the map. For 
example in the concept map on human excretory system they used two core 
concepts - kidneys and skin, and made two clusters of concepts on the map. 2) 
All concepts correctly chosen and included in the map: Students had to find 
out the concepts, pertaining to core concept and the topic, explained in the text 
and clarifying the main ideas. They retrieved the concepts from the studied 
text but not from a given list of words (BouJaoude & Attieh, 2008) and ar- 
ranged them in a map. This they did by reading, copying the concepts in the 
workbooks and trying to understand the meaningful connections between 
them. 3) Concept hierarchy correct: Around the core concept students ar- 
ranged the auxiliary concepts directly connected with it, in the first circle. 
They gave a sign of the beginning of the circle (for example, Fig 2, "1. Evolu- 
tion"), which corresponded to the first paragraph of the text. Then they ar- 
ranged the concepts usually clockwise, thus indicating how the map should be 
read. Some students (very few) arranged the concepts in the opposite direc- 
tion, which was also considered correct. After that they arranged the concepts 
of the second circle, which clarified the concepts in the first circle and so on. 
4) Connections correct: Using arrows, students showed connections between 
concepts. The direction of the arrows indicated causal direction of influence 
and logical structure of the concept map. This is the heuristic value of the 
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map. The map as a tool of visual construction helped them discover the links 
of concepts in a unified conceptual structure. 5) Successive structure accord- 
ing to text correct this was accomplished by careful reading and comprehen- 
sion of the information in the text by comparison, analysis, synthesis, abstrac- 
tion, generalization. The development of the map corresponded to the logic of 
the discussed main scientific problem. 6) Aesthetical visualization: the signs 
by means of which the map attracted attention - letters, arrangement, graphic 
organizers, illustrations, drawings, pictures, etc. Students were warned not to 
overburden the maps, but to make them readable and useful in facilitating text 
understanding and comprehension (A picture is worth thousand words). Each 
criterion was assessed and an individual scoring was devised. According to a 
scale, each student achieved a mark from one to six, thus individual concept 
map mean scorings were obtained. On the bases of individual mean scorings 
the total mean of each group was calculated (Table 6). 

Biology achievement tests 

Pretest (Appendix 1) and Posttest (Appendix 2) were used to measure 
students' achievements. Each test contained 30 items (5 items for each level 
of Bloom (1969) Taxonomy of educational objectives. The characteristics of 
the tests were assessed (Table 7) and the items having unreliable characteris- 
tics discarded. The pretest was applied at the beginning of the course and the 
posttest - at the end. The two tests were given to the three variables under the 
same conditions. The results were assessed for each level of Bloom's taxon- 
omy (Table 8). 

Results and interpretations 

Associations with the words 'human being ' 

The stimulus words 'human being' evoked lots of connections to other 
words. The total number of them was 310 and the average number of associa- 
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tions per a 12* grade student was 7.75 (Table 1, Fig. 1). The total number of 



■>th 



associations for 8 grade students was 91 and the average number 1.14. All 
students responded to the test according to their individual flexibility of re- 
membering, knowledge and type of memory. Some students started to write at 
once, others were delayed with the response. The reason probably was the 
very complex meaning of the stimulus word, discussed in many school sub- 
jects - biology, history, geography, psychology, philosophy, technology, etc. 

The analysis of concept maps of 12 th grade and 8 th grade students 
based on their associations is represented in Figs 5-7. 
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Fig. 5. Number of associations to the stimulus words 'human being': series 
1. 12 th grade; series 2. 8 th grade; Criterion 15 - average of the associations of 

12 th and 8 th grade students 
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Percentage distribution of associations 
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Fig 6. Percentage distribution of associations of 12 th grade students 
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Fig 7. Percentage distribution of associations of 8 11 grade students (There no 
associations with genetics - No 6) 
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The word association test shows the different pictures of a human be- 
ing of high school and middle school students. High school students value 
personal characteristics, moral aspects of human behavior, relation to and 
treatment of others. These characteristics of human beings are dominant in 
their associations. Second place occupy associations with the natural origin, 
dominated by living nature and sensibility of human beings, then follow asso- 
ciations with physiology and civilization aspects. 

Middle school students remember better the physiological and ana- 
tomical aspects, followed by moral characteristics, individual development 
and natural origin. Those aspects predominate in the textbooks. They did not 
show any association with genetics. Comparison with high school students 
showed them an attainable perspective, awakened their need of competence 
and made learning goals personally relevant. 

Content analysis, concept map construction and discussion 
The concept map of the introductory lesson made by students in B3 
and corrected by the teacher (Fig 2) and the discussion that followed (Table 
3), directed them to the forthcoming studies, outlined the boundaries and limi- 
tations of the course and stressed the necessity to relate biology studies with 
those of other school subjects for better understanding of human beings. 

The same was repeated with the second lesson, discussing the cell 
structure (Fig 3). It is a basic lesson in human biology. The map was con- 
structed around the main cell characteristics - external appearance under a 
microscope, structure, cell division and cell differentiation. Definition was 
formulated as a generalization based on discussion. Working in groups of two 
was beneficial for developing students' abilities to interact and to pursue team 
goals (Swezey et al, 1994). Communication within the groups and in the class 
discussion was beneficial for overcoming the difficulties in studying abstract 
and complex science concepts. Integrating them into well structured cognitive 
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framework facilitated students' learning and improved their self-confidence 
(Schunk et al, 2008). 

In the lesson "Human skeleton and the bones" 55 biological terms 
were counted. Students did their best to make a map (Fig 4). After making the 
first drafts some of them gathered and tried to overcome the difficulties and 
distinguish between essential and non-essential terms in studies, between main 
and subordinate knowledge. The preparatory work insured their competence 
in the classroom discussion, in making decisions and in correcting misunder- 
standings. They compared their concept maps and by reflection and self- 
reflection learned not only from the textbook and the teacher, but also from 
one another. Each concept on the map was explained by students' presenta- 
tions. Misunderstandings were corrected by the teacher (Suret & McLaren, 
2005). Some students used additional resources besides the textbook: atlases 
of the human body, internet images, models, etc. In the classroom discussion a 
plastic model of the human skeleton was used to help students get better im- 
pressions of the subject of study (Smith & Heise, 1992; DiCarlo, 2006). 

Each student in B3 prepared a portfolio with the concept maps and 
used them in making a quick revision at the end of a given chapter (Table 4) 
and the school year. With each map they improved their skills for content 
analysis and concept construction. This gave them satisfaction and developed 
their self-esteem (Deci & Ryan, 1995; Novak & Govin, 1984). Students were 
motivated to learn by their success in learning. There were about 395 scien- 
tific concepts in the textbook, 5 new concepts per school learning period, 
which were not evenly distributed because of time allocated to practical work, 
revision, examination, project development, etc. Anatomical concepts pre- 
dominated over those of physiology and hygiene. This ratio was not quite sat- 
isfactory. 

Concept maps, used as demonstrations by the teacher gave students 
structured knowledge and a model of studying and memorizing (Suret & 
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McLaren, 2005). Some students in B2 decided to imitate the teacher and made 
concept maps while studying the lessons at home. The teacher's model maps 
attracted their attention, increased their curiosity, engaged them in active 
learning and stimulated their willful efforts in higher achievements (Graham, 
1994). That explains the better results in B2 than in Bl. In the latter students 
were given only a hint for the benefit from concept mapping. Very few stu- 
dents episodically tried concept mapping and seeing the difficulties easily 
gave up. That helped them understand the reasons for lack of persistence. The 
new method of learning in B3 challenged students, lifted the veil of monotony 
and lack of action and opened new horizons for intellectual development. 
Gradually the motivation from outside turned into motivation from inside as 
competence, positive thinking, enjoyment and self-confidence increased. 

The behavior of the students in the classroom was significantly modi- 
fied by the teaching methods (Table 5). What students did in class was con- 
sidered valuable by many of them. Students liked to finish the school period 
with concrete visible products (Ormrod, 2003; Gilbert, 2002; Graham, 1994). 

Table 5. Evaluation of students learning behavior in the classroom 



Criteria 


Bl 


B2 


B3 


1 . Responsibility to learning tasks 


3 


4 


5 


2. Attention concentration 


4 


4 


5 


3. Activity 


2 


3 


6 


4. Persistence 


2 


4 


5 


5. Valuing of tasks 


3 


4 


5 


Mean 


2.8 


3.8 


5.2 



Skills in concept mapping developed gradually (Suret & McLaren, 
2005). The difference in competency between Bl and B2 is higher than that 
between B2 and B3 (Table 6). Teacher's concept maps did make a difference 
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and challenged the students to successful learning. They were not only listen- 
ing but also looking, thinking, connecting, comparing, asking questions, mak- 
ing notes and comprehending. The models set by the teacher were valuable 
and stimulating (Fig 8). Concept mapping proved to be a difficult endeavor 
and not accepted by everyone (Mclnerney, 2000). Most of the students were 
eager to start and do it, to be active in their learning process. They improved 
their reading and comprehension abilities and were fascinated preparing com- 
puter models. Self perception of ability worked as a strong intrinsic motiva- 
tional force. Few others were not so eager and preferred the old way of learn- 
ing. 

Table 6. Evaluation of concept mapping skills as shown by the mean value 



Level 


Criteria /Mean value of each variable 


Bl 


B2 


B3 


I 


Core concept (concepts) correctly chosen 


2.25 


3.98 


5.32 


II 


All concepts correctly underlined and included 
in the map 


2.05 


3.95 


5.12 


III 


Concept hierarchy correct (1 st , 2 nd , 3 rd circle 
around the core) 


1.85 


3.86 


4.45 


rv 


Connections correct (pointed by arrows) 


1.60 


3.79 


4.40 


V 


Successive structure according to text correct 
(clockwise) 


1.20 


3.40 


4.85 


VI 


Aesthetically visualized with illustrations 


3.10 


3.39 


4.35 


Mean 




2.01 


3.73 


4.74 
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Concept mapping evaluation 




5 6 7 

Series2 □ Series3 



Fig 8. Graphical presentation of students mapping achievements: series 1 
(Bl), series 2 (b2), series 3 (B3); criterion 7 - mean value for each variable. 

Results from achievement tests confirmed the results from observation 
and maps evaluation. First the psychometric characteristics of tests were as- 
sessed and inappropriate items rejected (Table 7). The difficulty of each item 
of the two tests was assessed. The range of difficulty is between 0.45 and 
0.72, which means that the items of the pretest are with moderate difficulty, 
nearer to the range of the easy items. The same is true for the items of the 
posttest but they are less easy than those of the pretest (range between 0.50 
and 0.62). Discrimination of pretest ranges between 0.35 and 0.50 (high dis- 
crimination, and of the post test it ranges between 0.40 and 0.65 (high dis- 
crimination). There are some items with moderate discriminative value. The 
pretest has high reliability, but the reliability of the posttest is questionable, 
near the high. The validity of both pretest and posttest is high which means 
that the two tests measure what they are intended to measure. 



87 



Table 7. Assessment of psychometric characteristics of tests 



Reliability (R) 


Validity (Vc) 


Difficulty (P) 


Discrimination (D) 


Pretest 


Posttest 


Pretest 


Posttest 


Pretest 


Posttest 


Pretest 


Post- 
test 


0.85 


0.78 


0.85 


0.79 


0.61 


0.52 


0.42 


0.53 



Concept maps improved achievement at the level of analysis and syn- 
thesis and at the level of evaluation, i.e. they stimulated the development of 
higher order thinking skills. Students could memorize using other learning 
skills, but discovering connections and cause and effect relationships was very 
well helped by mapping and discussion (Table 8, Fig 9). 

Group work and discussions stimulated reflective self- awareness of 
each student and lifted performance at a higher level. Achieving educational 
goals satisfied learning motives (Fig 10). 

Table 8. Means of achievement tests of the variables 



Levels 


Pretest 


Posttest 


Bl 


B2 


B3 


Bl 


B2 


B3 


Knowledge 


3.60 


3.46 


3.55 


4.50 


5.40 


5.60 


Understanding 


3.45 


3.35 


3.48 


4.35 


5.10 


5.35 


Application 


3.29 


3.25 


3.15 


4.28 


4.85 


5.15 


Analysis 


3.18 


3.10 


2.93 


3.50 


4.65 


4.95 


Synthesis 


2.95 


2.85 


2.82 


3.30 


3.90 


4.65 


Evaluation 


2.65 


2.30 


2.16 


3.25 


3.60 


4.28 


Mean 


3.18 


3.05 


3.02 


3.86 


4.58 


4.99 
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Achievement of students 




1 2 

Bloom"s levels 



□ Series 1 



l Series2 □ Series3 



Fig 9. Levels of students' achievements: knowledge, understanding, applica- 
tion, analysis, synthesis, evaluation. 

The successive use of word association test, content analysis, concept 
construction and discussion in the classroom ensured effective learning, moti- 
vated and stimulated students to enrich their spare time at home with mean- 
ingful work. Discussion and improvement of concept maps in the classroom 
helped students to correct their misunderstandings before they have memo- 
rized them as wrong (Table 9). Collaboration in team work was beneficial for 
drawing a clear picture and incorporating new knowledge. 

Table 9. Comparative results from tests, observation and map evaluation 



Variables 


N 


Pretest 


Posttest 


Observation 


Map Evaluation 


Mean 


Bl 


20 


3.18 


3.86 


2.8 


2.01 


2.89 


B2 


30 


3.05 


4.58 


3.8 


3.73 


4.04 


B3 


30 


3.02 


4.99 


5.2 


4.74 


4.98 
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Achievement Test Results 



a) 3 



tJ= 



E 



Variables 



□ Series 1 ■ Series2 



Fig 10. Graphical presentation of students' achievements: series 1 (Pretest), 
series 2 (Posttest) Variables: Bl, B2, B3 



Conclusions 

The continuous word association test, combined with concept map- 
ping and discussion, as applied in this study was successful in revealing the 
conceptual structures of 12 th and 8 th grade students to the stimulus words 'hu- 
man being'. The concept maps were discussed with students in order to draw 
inferences about their knowledge and about the importance of the forthcoming 
studies in the new course Human biology in the 8 th grade. The discussion 
awakened students' desire to learn more about themselves and other human 
beings. Such maps enhanced concept clarification and cognitive motivation. 
Although the response terms given by the participants varied at some aspects, 
areas of similarity emerged, and with little exceptions the criteria for the asso- 
ciations were covered. The target groups showed good informational orienta- 
tion, concerning the stimulus word and responsibility in answering the test. 
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The investigation revealed the difference in the disposition of the target 
groups, the connection between concepts and feelings and the role of educa- 
tion in concept and intellectual development. Associative processes took place 
at different levels of learning. They were those processes that lead to the de- 
velopment and maintenance of cognitive connections (associations) between 
events, behaviors, feelings, thoughts, visual images, etc. 

The word presented to the target people acted as a stimulus activating 
the memory and extracting the associated with it words which were on the top 
of their minds (Zaller, 1992). A dynamic associative structure was created in 
memory that involved representations of the words themselves as well as con- 
nections to other words. This structure of scientific terms played a crucial role 
in any task involving familiar words. Students could not create and retrieve 
representations involving familiar words, without relying on pre-existing as- 
sociative structures created as a result of past experience. Thus the word asso- 
ciation test was of benefit as a tool, used to reveal scientific conceptual struc- 
tures. 

Constructing concept (intellectual) maps systematically throughout the 
whole course of study in Human biology was a useful teaching and learning 
method for motivating, systematizing and organizing not only the concepts 
under study, but also the already learned concepts. It created a context for 
incorporation of new knowledge, for reconstruction of already acquired cogni- 
tive knowledge and experience (Bruner, 1960), and for building a new system 
of meanings of the studied object (Vigotsky, 1982-1984) as a conscious ten- 
dency to achievement. 

There was a difference between the ways and the duration concept 
maps were used as study tools. Best achievement was accomplished in the 
variable (B3) in which students constructed concept maps throughout the 
school year. In doing that they acquired skills to study accurately, to think and 
rethink the studied information and to conceptualize it on a higher level (Mar- 
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zano, 1997). In the process of studying their attitude to learning changed and 
became more intellectually involving and satisfying (Field, 2005; Lehwald, 
1991). The produced portfolio of concept maps of the studied topics on human 
biology was of great help to students in making a revision of the different 
chapters and the whole course. Thus the results of the word association test, 
content analysis and the concept mapping were used for constructing scientific 
knowledge and for learning associations in a conscious, intentional and effort- 
ful way (Wills, 2005). Concept mapping in each topic of human biology 
helped students brush up and organize their knowledge in a constructive 
hierarchical way (Smith & Heise, 1992; Swezey et al, 1994). This activity, 
done as homework, followed by discussion and elaboration in the classroom, 
directed students' behavior towards cognitive goals, increased effort and 
persistence in learning and improved their performance (Ormrod, 2003). 
Students not only learned the subject material, but they also learned how to 
learn. Active learning combined ability and effort and increased their efficacy 
(Bandura, 1986). 

The good and structured representation of Human biology concepts in 
the teacher' concept maps in B2, attracted attention, directed students to cog- 
nitive goals and facilitated their learning. With the aid of the concept maps, 
associations were classified, structured, visualized and logical connections 
between them determined. A compact, wholesome and generalized picture of 
the key concepts was created, that facilitated learning, memorizing and re- 
membering. The mind seeks clarity and completion and the map as a whole- 
some picture stimulated the "discovery" of new links between concepts, the 
generation of new ideas and enhanced its own improvement. Besides that, the 
association maps stimulated reflection and self-reflection and enhanced stud- 
ies of the key concepts, using other sources besides the textbook. 

Word association test motivated students in Bl too, but their motiva- 
tion was not sustained after that and gradually faded. That brought us to the 
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conclusion that motivation should be constantly cared for and sustained in the 
classroom. 

The methods - word association test, content analysis, concept map 
construction and discussion could be used successfully together in teaching, 
learning and evaluation in human biology education and in other school sub- 
jects. Applying them in school practice made students think of human biology 
as an interesting subject within their intellectual abilities. 

This teaching strategy was very rewarding but it did consume much 
time and effort which students were not always able to spare. Science concep- 
tual structures depend both on science education and culture of the community 
in which students grow and develop, including the climate and culture within 
the schools themselves. They are not the result of studying only one subject 
but integrate studies in all subjects with their everyday experience. Thus if 
successful learning strategy is employed in more than one branch of studies, 
achievements will greatly increase as well as self-regulation and self-control. 
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APPENDIX A 

Achievement Pretest (Examples) 

1. Which cellular constituent is the carrier of heredity? 

a) ribosome 

b| cellular centre 

c) nucleus 

d) lysosome 

For 2 and 3 correct can be one or more answers. Choose: 

a) 1, 2 and 3; 

b) 1 and 4 
c) 2 and 4 

d) All of the above are true 

2. For ribosome is true: 

1) They are compact oval bodies 

2) They can be seen only with electron microscope 

3) They contain RNA and ribosome proteins 

4) They are organelles only of eukaryotic cells 

3. For vitamin D is true: 

1) It is synthesized in the colon from bacteria 

2) It is synthesized in the skin in the presence of sunlight 

3) Its absence leads to damage of calcium and iron metabolism 

4) It is taken with food 

4. Which connective tissue is characterized with deposition of calcium and 
phosphorous salts of large quantity? 

a) bone b) cartilaginous c) loose reticular d) compact reticular 

5. Movable connection by means of joints is between the bones of: 

a) pelvis b) humerus and scapula c) ribs and breastbone d) the skull 

6. In the process of growth the long bones loose: 

a) compact bone b) spongy bone c) yellow bone marrow d) red bone 
marrow 
Correct answers: lc, 2a, 3c, 4a, 5b, 6d 



APPENDIX B 

Achievement Posttest (Examples) 

1. What is the name of the organ, taking part in the airways of the respiratory 
system and has three parts? 

a) Larynx b) Trachea c) Pharynx d) Epiglottis 
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For 2, 3, 4, 5 and 6 correct can be one or more answers. Choose: 

a) 1, 2 and 3; 

b) 1 and 3 
c)4 

d) All of the above are true 

2. Which is true for the chest? 

1 . It takes part in the ventilation of lungs 

2. Its volume can increase and decrease 

3. It protects the lungs and the other organs in the chest cavity 

4. It is connected to nasal and mouth cavity and the larynx by means of 
three parts 

3. For the alveoli it is not true: 

1) They are made up of one layer of epithelial cells 

2. They are the end parts of the bronchial tree 

3. They are constituents of the lungs 
4) Their total surface is about 200 m 2 

4. Chemoreceptors taking part in breathing regulation are: 

1) In close contact with blood 

2) Sensitive to increased concentration of CO2 in the blood 

3) Sensitive to increased concentration of O2 in the blood 

4) Send impulses to the respiratory centre along nerves 

5. The exchange of gases O2 and CO2 takes place in: 

1. The tissues of the organism 

2. The upper airways 

3. Lungs 

5 . The lower airways 

6. Direct and indirect effects of nicotine on the respiratory system are: 

1. Accumulation of mucus and obstruction of bronchi 

2. Inhibition of the movement of respiratory cilia 

3. Repeated lung infections 

4. Lung cancer 

Correct answers: lc, 2a, 3c, 4d, 5b, 6d 
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Abstract. At least four factors affect pupils' understanding of the 
nature of science: teachers' specialization in different science areas (physics, 
chemistry, and biology), gender issues, teaching experience in elementary 
school environments, and the perspectives of acquiring necessary knowledge. 
This study is the introduction part of a research project which will be initiated 
soon. Four elementary science teachers participated in the study. The results 
reveal that participants' views of the aspects of nature of science are not solely 
diverged, based on their major disciplines, but there exist significant 
distinctions according to gender differences. 
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Introduction 

According to science educators in public schools, particularly in the 
universities, the understanding of the Nature of Science (NOS) is extremely 
significant and crucial topic to be taught. The term "NOS" are going to be 
repeatedly used in the present study because this phrase cannot be avoided due 
to grammatical and linguistic considerations. Typically, the NOS refers to the 
epistemology of science, science as a way of knowing, or the values and 
beliefs inherent to the development of scientific knowledge (Lederman, 1992). 
Furthermore, the NOS is knowledge about how scientists use and develop 
scientific views: how they determine the question to investigate and how they 
collect data and analyze their findings from the observation of scientific facts 
about the world around us. 

The preparation of scientifically literate students is a continuing goal 
of science education and current reforms in science education focus on the 
need for students to conceptually understand science rather than knowing a 
breadth of scientific facts (AAAS, 1993). For instance, National Research 
Council has focused on this goal in their national reforms (NRC, 1996). Since 
the NOS is an essential topic for the students, it requires further investigation 
in different perspectives. In this current study, it is hypothesized that if their 
knowledge of the NOS are increased, in-service elementary science teachers 
can improve their confidence and abilities to effectively deliver science 
instruction at the level of national reforms. 

There have been many disagreements about the true definition or 
meaning of the NOS among philosophers, historians, and science educators. 

In general, science educators typically define the NOS as the 
epitemology of science, science as a way of knowing, of the values of beliefs 
inherent to the development of scintific knowledge. However, historians and 
philosophers of science do not agree with this scientific definitions because 
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they find it too general. The issue of the existence of an objective reality as 
compared to phenomenal realties is a case in point. 

More specifically, those disagreements have been discussed by 
Lederman & Abd-El-Khalick (2002), but they claimed many of the disputed 
issues as irrelevant to K-12 instruction. Also, they suggested that there is an 
acceptable level of generality regarding the NOS that can be made accessible 
to K-12 students and relevant to their daily lives. 

Among the characteristics of the scientific enterprise corresponding to 
this level of generality are the following aspects: that scientific knowledge is 
tentative (subject to change); empirically based (based on and/or derived from 
observation of natural world); subjective (theory-laden), necessarily involves 
human inference, imagination; and creativity (involves the invention of 
explanations); and is socially and culturally embedded (Lederman, 1992). 

Two additional aspects are the distinction between observations and 
inferences, and the functions of, and relationships between scientific theories 
and laws. Those aspects of the NOS are generally adopted by teacher 
educators in science and they will be emphasized in the present study. There 
have been some enhanced investigations that have examined how pre-service 
teachers could increase their conception of the NOS. Among those, many 
studies have been conducted about teacher preparation programs (Akindehin, 
1988; Ogunniyi, 1983). As a result, these researchers have suggested two 
distinctive approaches: the explicit approach, which basically makes use of 
the relationships between the philosophy of science and the instruction of the 
NOS to improve pre-service or in-service science teachers' conceptions. 

In contrast, as a second type of approach, implicit approach does not 
make use of specific attention to the NOS and implicit messages are 
exemplified. However, this approach assumes that every necessary knowledge 
of the NOS is acquired during the learning process natuarally without any 
explicit effort. On the other hand, there have been several studies which aimed 
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at in-service teachers instead of pre-service teachers. Such as, Lederman 
(1992) claimed that research regarding improving in-service elementary 
science teachers' conceptions of the NOS was influenced by two assumptions. 
Firstly, teachers' conceptions of the NOS directly affect their classroom 
practices. Secondly, teachers' conceptions of the NOS have a cognitive impact 
on students' conceptions. Although Lederman (1992) made this assertion, he 
did not explicitly test these two assumptions. Then these assumptions were 
later explored in classroom science, the research that resulted from testing the 
first assumption showed that the relationship between teachers' conceptions of 
the NOS and their classroom practice was more complicated than they 
originally assumed. Based on the previous research conducted on pre-service 
or in-service teachers' understanding the NOS, it is clear that teachers 
definitely cannot teach what they do not understand (Akindehin, 1988). 

In order to be able to instruct the NOS to their students, teachers 
should possess adequate knowledge of scientific enterprise. Studies on the 
conveying of teachers' conceptions into classroom practices mainly support 
the idea that, even though teachers' conceptions of the NOS can be considered 
as an important condition, these conceptions are not sufficient (Lederman, 
1992). It has been shown that elementary pre-service science teachers do not 
generally have acceptable conceptions of the NOS (e.g., Lederman, 1992). 
Even those interventions attempting to teach the NOS have proven difficult 
and did not sufficiently help pre-service teachers learn and retain appropriate 
conceptions (Akerson et al., 2000). The prospective or present science 
teachers' incomplete, flawed, and non-efficient understanding of the concepts 
of the NOS is an unfortunate problem that, in turn, leaves our children as 
scientific illiterate individuals. Thus, some improvements or solutions will be 
suggested here and then they must be considered for applying to the science 
teacher preparation programs to prevail over this vital problem. 

Schwartz & Lederman (2002) conducted a case study of two science 
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teachers in terms of how they learn and address the NOS in their classroom. It 
was one of the recent studies, and an influential one, that had been done with 
only two science teachers selected from the group of participants because of 
their different levels of the NOS understanding and difference science 
background knowledge and science teaching experience. First, the participants 
participated in series of activities, embedded in specific subject matter in 
nature, to teach about aspects of the NOS. Then, they joined in a science 
research internship associated with NOS instruction. Next, they were observed 
while they were teaching science in their science classroom environments. 
The researchers, afterward, collected the participants' NOS knowledge, 
instructional plans through questionnaire, interviews, lesson plans, and 
classroom observations. In conclusion, they recommended that there should 
be some interaction between science educators (as researchers) and 
participants in order to increase the longevity of teaching the aspects of the 
NOS in teacher education programs. Because with the help of NOS courses 
and faculty members' continous effort to include the aspects of the NOS 
(implicitily or explicitly) can help students to retain the NOS. 

Physics educators and major science education organizations are 
increasingly supporting the preparation of scientifically literate students (e.g., 
AAAS, 1993). In 1996, National Research Council (1996) expressed that the 
goal of national science education standards is to "create a vision for the 
scientifically literate person and ... and will serve to guide the science 
education system toward its goal of scientifically literate citizenry in 
productive and socially responsible ways". In spite of that, scientifically 
literate citizen is supposed to possess knowledge of scientific theory, laws, 
principle, concept, technology and relationship to society. Moreover, this 
person should reveal the understanding of the NOS. 

Finally, according to Gerald Holton (DeBoer, 1991) a scientifically 
literate person is described as having two facets which are: "(1) some content 
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understanding-knowing and keeping up with at least one chosen, even though 
small, part of science, and (2) some understanding of application-trying to 
keep in touch with a variety of other scientific developments." 

According to Lederman's (1992) review of literature of research on the 
NOS, various different groups of students, especially high school students, 
have been studied regarding their conceptions and understanding of the NOS 
almost every year since 1960. Yet, the results of these fifty years of 
investigations advocated the idea that science teachers do not possess 
adequate conceptions of the NOS and irrespective of the instrument used to 
assess understanding (Lederman, 1992). Although science teachers are 
provided with the detail instructions of curriculum, they often do not posses 
adequate knowledge and understanding of the NOS. Therefore, the study of 
pre-service and in-service teachers have been drawn more attention. 

Kleinman (1965) conducted a study of teachers' questioning. He 
observed elementary science teachers three times each week during a 
semester. He concluded that when student ability was held constant, it was 
noted that teachers who asked more critical thinking questions impart a better 
understanding of the NOS to both Grade 7 and Grade 8 males and females 
than teachers who asked fewer questions of this type. 

In a similar study, Behnke (1961) focused on the comparing 200 
biology teachers and 421 physical science teachers' understanding of the 
NOS, science and society, scientist and society, and the teaching of science. 
He found no significant difference between those two groups of teachers. 

Billeh & Hasan (1975) investigated whether those factors cause any 
increase in the teachers' understanding of the NOS by science 186 secondary 
teachers in Jordan. The teachers were included from various disciplines: 
physics, biology, chemistry, and physical science. They used the Nature of 
Science Test (NOST) to assess understanding of the NOS. Discenna & 
Howse^ assessed a research on the NOS at the elementary level in the 1990s. 
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They analyzed reflection essays of twenty-two American pre-service 
elementary science teachers, which took place throughout 15 weeks of 
biology or physics course. They investigated problem solving and inquiry- 
based activities and concluded that these views of science were not changed 
during the semester. 

Overall, importance of investigating the aspects of and more 
importantly adequate knowledge of them have been proven an important 
research area since mid 20 th century. The term "scientific literacy" was born 
because of the NOS. Even though conception of the NOS was studied for a 
long time, still, it is necessary to investigate from different perspective as 
Schwartz & Lederman (2002) suggested NOS aspects should be learned 
starting in elementary school environment therefore prospective science 
teachers should possess adequate knowledge of the NOS. Recent NOS studies 
invetigates both pre-service and in-service teachers' understanding of the 
NOS aspects and seek possibles solutions to increase the knowledge. This 
study serves for this purpose as one of its goals. 

Purpose of the study 

The purpose of this study is to investigate the extent of science 
teachers' understanding of NOS. It will also compare this knowledge with the 
length of their science teaching experience and the braches of science they 
studied in teacher preparation colleges, e.g. physics, chemistry, or biology. 

Describing how experienced teachers' knowledge of the NOS will help 
to reform instruction and that will provide examples for use in the science 
methods courses taught in science teacher preparation programs. It is essential 
to investigate whether teachers improve their knowledge of the NOS at the 
end of their college education. 

This is important because many science teachers do not know as much 
as they should about the NOS to become effective science teachers. For this 
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reason, educators and faculty members have to find possible solutions to get 
to the bottom of this problem in teacher preparation institutions. If the science 
teachers' knowledge and understanding of the NOS is not at the desired level, 
then the teacher preparation programs should be looked over and must, if 
necessary, be revised accordingly to resolve the deficiencies of pre-service 
science teachers. 

Specifically, the present study seeks to investigate and propose 
possible solutions to improve science teachers' knowledge of NOS. The 
research questions that will guide the present study are: (1) what are the key 
factors that cause conceptions of the NOS among elementary science teachers 
at an US elementary school in the Midwest who specialize in diverse science 
areas; (2) what is the relationship between the length of their teaching 
experience and their understanding of NOS among elementary science 
teachers. 

Participants 

This study was purposefully designed as a small part of a big research 
and the data collection of the second part is still continuing. It was conducted 
in a Midwestern Public School District with four primary elementary science 
teachers. The participants selected for the study were selected through a 
careful consideration among the elementary science teachers in the district. In 
the selection process, we purposefully decided to have science teachers with 
different disciplines and also different genders for the sake of the research 
questions. Specifically, four specific criteria, adapted from the participant 
selection process of Akerson et al. (2000), were as follows: (1) two groups of 
sample that consists of two women science teachers and two men science 
teachers; (2) one of the participants in each gender group should be at least 
five years or more teaching experience in his or her discipline in the same 
district; (3) science was taught as a separate subject; and (4) teachers hold as 
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least a bachelor degree in science. 

Pseudonym is used in order not to reveal the identities of teacher 
participants. Four in-service elementary science teachers, two females and two 
males, participated in the study. Harry and Alex were male participants with 
Harry holding a bachelor of physics degree with two years teaching 
experience in science and Alex holding a bachelor of chemistry degree with 
five years teaching experience. Kim and Berry were female participants and 
Kim had a bachelor degree in biology with 30 years teaching experience. 
Berry holds a Bachelor degree in Physics with two years teaching experience. 
The reason for selecting both types of gender was to compare the differences 
of each gender's conceptual understanding of the Nature of Science. 
Similarly, it is also desired to identify teachers' conceptualizations of the 
concepts of NOS in relationship with length of their teaching experience and 
specialization of different disciplines. 

Data collection 

Main data source of the current study was teacher interviews. All four 
interviews were carried out in the school where the participants were teaching 
at the time of study. Each interview took place approximately one hour which 
included semi- structured set of interview questions. Interview questions 
consist of both multiple choice and open-ended items with follow-up 
discussion questions. All interviews were audio taped and transcribed for 
analysis by the authors later. 

Teacher interview protocol was developed among three different NOS 
questionnaires. Particularly, an analysis of three different types of interviews 
questions used as a research instrument in the questionnaire were as follows: 
(1) Nature of Science Survey (NOSS) questions which was first proposed by 
Kimball (1967); (2) Nature of Science Test (NOST) which was suggested by 
Billeh & Hasan (1975); (3) Views of Nature of Science- Elementary School 
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version (VNOS-E) by Lederman et al. (2001) questions were administered 
one time during the academic school year. 

Sample questions of NOSS and NOST and full version of VNOS-E are 
included in appendix section (Appendix). Full version of NOSS and NOST 
can be found in above original papers of Kimball (1967) and Billeh & Hasan 
(1975). 

Results and discussion 



Table 1. Analysis of the aspects ofNOS among the elementary school 
teachers participated in the study 



NOS aspect 


Harry 


Alex 


Kim 


Berry 


tentativeness 


+++ 


++ 


++ 


+++ 


creativity 


++- 


++ 


+ 


++- 


emperical 


++ 


+- 


+ 


++ 


observation 


++ 


+ 


+ 


++- 



+ :provide a definition or affirmative response 

++ :provide a description in own words, examples from class 

+++ :provide a description in own words and additional supporting examples 

:inconsistent statement or inappropriate example given 



Table 1 indicates the findings obtained from VNOS-E survey 
questions and presents the results of the five aspects of NOS through two 
NOS assessments (VNOS-E, interviews) administered during academic 
semester. Data analysis resulted in rich understanding of aspects of the NOS 
for both Harry and Berry. On the other hand, it showed that both Alex and 
Kim possess inadequate of understanding aspects of the NOS. The results of 
data analysis for all participants are discussed separately later. 

Both Harry and Berry presented an outstanding understanding of the 
NOS aspects. Especially, at the aspects of tentativeness and subjectivity that 
are two most important aspects, their understanding exceeds average level 
because they defined tentativeness as dynamic property of science and 
subjectivity as science is affected by scientists' own opinion. Above 
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descriptions are almost the same descriptions of tentativeness and subjectivity 
of science as scientifically. They also provided various examples from their 
teaching and research experiences for example scientific advances lead to 
technological advances and new technology assists scientific advances. 
However, they didn't possess same degree of knowledge of the aspects of 
creativity, empirical, observation/inference. For example, they didn't claim 
that creativity as well as observation didn't play an important role in the 
progress of science, which opposes teru scientific explanations. In conclusion, 
their overall understanding of the seven aspects of the NOS was intermediate 
but satisfied the desired levels. 

Participant science teachers' responses in Table 1 also pointed out that 
although two of them, Alex and Kim, didn't possess expected degrees of 
knowledge (which is: +++), they indicated based knowledge and 
understanding aspects of the NOS with only providing adequate definitions. In 
addition, according to tablel, all of them indicated they have satisfactory 
understanding and knowledge of the NOS. On the other hand, on some 
aspects, tentativeness andsubjectivity, Harry and Alex excelled and showed 
knowledge and understanding of the NOS above average level. The reason for 
why they achieved this level may be related to which disciplines (both 
physics) they mostly studied in college because students of physics usually 
show high degree of analytical thinking than other students. Scientific 
reasoning reflects one's knowledge and understanding of the NOS properties 
at some level intentionally or unintentionally. Finally, with this finding it can 
be stated that at some level, length of teaching experience affect knowledge of 
the NOS at some degree because Berry has 30 years of teaching experience 
and Harry has only two. 

The first major finding in the study was that science teaching 
experience was not importantly related to teachers' understanding of science 
based on the NOST (Nature of Science Test). That was actually one of the 
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claimed hypotheses at the beginning. It stated that the more elementary 
teacher holds teaching experience, the less they possess understanding of the 
NOS concepts. This finding cannot be generalized because of the sample size 
in the current study. However, the conclusion had agreement with the findings 
of the studies (Billeh & Hasan (1975); Kimball (1967); Lavach (1969)), where 
quantitative and statistical studies were conducted to investigate elementary 
in-service science teachers' conceptual understanding of the NOS. 

A second major outcome was identified as academic status and 
teaching experience of participants' disciplines (physics, chemistry, and 
biology) were related with each other according to their scores on the NOST. 
It is also shown that they shared similar results in terms of the university 
graduation, educational qualification, teaching experience and previous in- 
service teaching. Taking these facts into account, it is claimed that there were 
no significant relations between teachers' gain scores on NOST and their 
educational qualification according to the current study. Also, this finding was 
consistent with Billeh & Hasan's study (1975). Therefore, it is convenient, 
regarding findings of this study, to state that the pre-service training had been 
equally effective with both groups of science teachers. 

Another finding of this study was that the teachers' scores of NOST 
questions are significantly related to the subject they teach. Hence, it can be 
concluded, without generalizing, that no differences in concepts can be found 
corresponding to the science disciplines they studied in college. This finding 
had agreement with the conclusion of Behnke's study (1961). 

According to NOSS (Nature of Science Survey), it was discovered that 
almost all of participants have shown understanding of what a scientific 
theory is, what the difference between scientific theory and law is, except the 
30 years experienced teacher, Kim. This finding may imply that science 
teachers start to forget major concepts of NOS as they teach science without 
including the NOS aspects in their teaching plans as time passes. This 
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apparent lack of change in understanding of the NOS with time and 
experience is the same findings as Kimball (1967) found in his study. Indeed, 
this participant did even described what a law or theory means: 

"Yes. I think there is a difference between theory and law. However, 
honestly I do not know difference now. As far as I know, theory is a 
frame for certain phenomena. Law is just one of the rules in this 
frame." (Her answer to question #3 in NOSS: Is there a difference 
between scientific law and theory?) 

In other words, this participant seemed to believe that theory is more 
structured than law and this is not expected from an experienced science 
teacher. Moreover, half of the participants showed that they truly knew 
tentativeness aspect of the NOS. Especially Berry seemed to have a good 
understanding of it: 

"Theories do change only laws don't change. You only can find the 
laws through theories. They are scientific steps. . . That is how they find the 

scientific laws." (NOSS question #1) 

Another interviewee, Harry, noted that "Yes, they (theories) do 
change... Scientists keep adding to the theories so that they become better as 
discoveries are made" (Harry, NOSS #1). Nevertheless, as evident in this 
quotations, most participants believed that some theories will eventually be 
proven and change into laws, in which case they are not liable to change. This 
result is nonetheless consistent with previous research (Behnke, 1961). 

Consistent with research in science teachers' views of the NOS (e.g., 
Aguirere et al, 1990; Carey & Stauss, 1968), participanting science teachers 
held naive views of many of the investigated aspects of the NOS at the end of 
the study. However, as indicated in table 1, Harry and Berry did prove some 
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new findings of the NOS concepts learning because they possess high level of 
knowledge of tentativeness and subjectivity of the NOS. Overall, they showed 
that science teachers are able to learn NOS concepts if they are prepared 
adequate in teacher preparation programs. 

Participants' views also lacked consistency; features which were 
expected given the teachers are often not provided with opportunities to 
reflect on and clarify their views of the NOS (Abd-El-Khalick, 1998). 
Moreover, the participants' views of the target aspects of the NOS were not 
significantly different. For the cases of Alex and Kim, they showed similar 
understandings of the NOS aspects. They did possess adquate knowledge of 
tentativeness and creattive aspects of the NOS but they didn't have enough 
understanding of empirical and observational aspects. 

If we evaluate them individually, Harry demonstrated that he helda 
high interest but some naive views of the NOS concepts. On the other hand, 
Berry showed similar pattern but with appropiate examples which is used to 
describe aspects. Alex showed low interest, many irrelavant views and largely 
very low level of understanding of the NOS with no examples. Similarly, Kim 
had a low interest, invalid views, some weakness and confusion. She wasn't 
able to elaborate and explain aspects of the NOS based on her background 
knowledge and experience, either. 

The results of this study were nevertheless compatible with previous 
studies conducted on alternative conceptions (Akerson et al, 2000) and 
promoted to illustrate the cohesive conceptions with which learners persist 
their own views. Nevertheless, participants' views of NOS have been 
constructed over years of elementary education and teaching experience they 
have gathered while teaching science. It is unlikely that elementary science 
teachers would achieve true knowledge and understanding of the NOS in the 
process of teaching or college education unless it is offered in an elementary 
science method course in the teacher preparation program. However, investing 
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more time to concentrate on the NOS in method courses may not be realistic. 
This is particularly so unfeasible that there are only few science method 
courses in teacher preparation program. Consequently, in order to improve 
science teachers understanding of NOS, it is strongly recommended that the 
number of hours dedicated to it, in the science method course in science 
teacher preparation programs, should be increased. 

In addition to that recommendation, there is another approach, which 
can be carried out in the science method courses. Participants in the current 
study were not informed about inadequacies of their views of the NOS. They 
were not offered any NOS instruction materials, either. In other words, they 
did not experience any cognitive dissonance regarding their NOS views, and 
so correcting their misconceptions of the NOS might be easily accomplished. 

Therefore, when conducting a study on science teachers' conceptions 
of the NOS, it would be very constructive to set up NOS instruction during 
investigation and devote it mostiy to conceptual changing from 
misconceptions of NOS the participants possess. 

Thus, explicit reflective instruction about NOS integrated within a 
complete conceptual change approach (Hewson & Hewson, 1983) might be 
very effective and a useful tool to enhance pre-service elementary teachers' 
NOS views. 

As a final remark, findings of this study strongly disagree with the idea 
of overstressing the NOS instruction, best undertaken in the teacher 
preparation institutions. On the other hand, the NOS instruction is not covered 
by the curricula of the traditional science content courses offered at these 
institutions. Reforms in science education agenda at the college level seminar 
course seems to be capable of enhancing future science instructors' views of 
the NOS, teaching in both elementary and secondary level classrooms. 
Consequently, aspects of the NOS should be emphasized both NOS courses 
and other science courses such as freshman physics, chemistry, and biology in 
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college in order to overview them at the beginning of the semesters. By 
achieving that, pre-service science teacher will be able to retain any 
knowledge they learned in college so will be ready for teaching science 
courses afterwards. In the same token, at elementary and secondary schools, it 
is suggested that every science teacher should spend at least a week to go over 
the NOS aspects and review them to remind himself/herself and students what 
it is. We could achive our ultimate goal of creating science literate individuals 
in all nations. 



APPENDIX 

Sample NOST items (Kimball, 1967) 

Scientists use classifications in science to: 

(a) explain scientific observations. 

(b) organize scientific observations. 

(c) predict scientific observations. 

(d) favor scientific observations. 

Which statement best describes scientific models? 

(a) models faithfully describe and represent natural phenomena. 

(b) models illustrate relations among phenomena. 

(c) models simplify natural phenomena. 

(d) models represent patterns of relations inherent in nature. 

Sample NOSS items (Billeh & Hasan, 1974) 

1. After scientists have developed a theory (e.g., atomic theory), does the 
theory ever change? If you believe that theories do change, explain why we 
bother to teach scientific theories. Defend your answer with examples. 
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2. Is there a difference between scientific law and scientific theory? Explain. 

Views of Nature of Science Elementary School Version (VNOS-E) items 

(Lederman et al., 2001) 

1. What is science? 

2. (a) What are some of the other subjects you are learning? 
(b) How is science different from these other subjects? 

3. Scientists are always trying to learn more about our world. Do you think 
what scientists know will change in the future? 

4. (a) How do scientists know that dinosaurs once lived on the earth? 
(b) How sure are scientists about the way dinosaurs looked? Why? 

5. A long time ago all the dinosaurs died. Scientists have different ideas about 
why and how they died. If scientists all have the same facts about dinosaurs, 
then why do you think they disagree about this 

6. TV weather people show pictures of how they think the weather will be for 
the next day. They use lots of scientific facts to help them make these pictures. 
How sure do you think the weather people are about these pictures? Why? 

7. (a) Do you think scientists use their imaginations when they do their work? 
Yes No 

(b) If No, explain why? 

(c) If Yes, then when do you think they use their imaginations? 



NOTES 

1. Discenna, P. & Howse, J. (1998). Biology and physics students' beliefs 
about science and science learning in non-traditional classrooms. Paper presented at 
the Annual Meeting of the American Educational Research Association (AERA), San 
Diego. 
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3A YHHTEJIH 
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Pe3H)Me. HaHOHayKaTa e Meac/iy HaH-Stpso pa3BHBamHTe ce Haynmi 
oSnacTH. yHeHHu,HTe b cpe^HHTe yHHJinma He nojiynaBaT npeflcraBa 3a Hea. 
Ot eflHa CTpaHa TOBa e npaBHJiHO, 3amoTO b cpeflHnre ynnjinnxa ce H3ynaBaT 
yTBtp/ieHH h ^ocTOBepHH 4>aKTH h TeopHH, npe3 kohto yHeHjmHTe me 
o(J)opMaT CBOHTe npe^CTaBH 3a CBeTa, b kohto acnBejrr. HoBHre pa3BHTHa b 
HayKaTa, o6ane, aHraacnpar BHHMaHHeTO Ha yHeHHu,HTe h MoraT jx& 
CTHMyjinpaT HHTepeca hm io>m npnpoflHnre HayKH. 3aTOBa TaKHBa tcmh 
MoraT #a St^aT pa3HCKBaHH b npoeKTHOTO oSyneHne h/hjih b roBtHKnacHnre 
yneSHH (bopMH. Pa3BHTHeTO Ha HaHOTexHOJiormiTe nopaac^a pe/nma Btnpocn 

OT 4)HJIOCO(j)CKO, eTHHHO H COU,HajIHO eCTeCTBO, 3a KOHTO yHHTCJIHTe 6h 

TpaSBano jx& HMaT HaKaKBa npe^CTaBa. CTaTnjrra npe/uiara H36paHa 
SnSjiHorpacJDHa no Te3H BtnpocH - nHTnpaHHTe jiHTepaTypHH h3tohhhu,h 
MoraT #a (bopMnpaT a/ieKBaTHO OTHOineHne Ha yHnrejin n yneHnnn KbM Te3H 
cnoacHH BtnpocH Ha MO^epHaTa HayKa. 

Keywords: nanoscience, nanotechnology, philosophical, ethical, social, 
educational 
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HaHOHavKa 

HaHOHayKaTa roaneflBa oSeicrH, hhhto jiHHeHHH pa3Mepn ca MajiKH Ha 
MHKpocKoncKaTa CKajia ot pa3CToaHHJi. HcTopHnecKHre KopeHH Ha HayKaTa 
6h TpaSBajio jx& ce noTtpcaT b pa3BHTHeTO Ha eBponeMcKaTa KOJion/iHa 
xhmhs ot HanajiOTO Ha XX BeK. KojiOH^HaTa xhmhji e HayKa 3a 
AHcneprnpaHOTO BemecTBO (Evans & Wennerstrom, 1999). Pa3MepT>T Ha 
HacTHu,HTe b TaKHBa CHCTeMH e Meac/iy 1 h 100 nm. IIpH TaKHBa pa3Mepn Ha 
HaHOCKajiaTa (Baird et al, 2004) BenxecTBOTO ry6n mhoto ot CBOHCTBaTa Ha 
oSeMHHTe (J)a3H. ToBa e CB-bp3aHO c oScTOjrrejiCTBOTO, ne pa3MepHTe Ha 
nacTHHHTe, aKO He b TpHTe HanpaBJiemui, noHe b qrro ot Tax, CTaBaT 
ci>H3MepHMH hjih no-MajiKH ot pa/niycHTe Ha Kopejiau,Ha Ha HaicaKBO 
(J)H3HHecKO hjih xHMHHecKO cbohctbo (AtJiacHHaTa Ha cboSoahhs npoSer, 
pasMeptT Ha 3apo/nmia na HOBaTa (J)a3a h np.) h TOBa ce OTpa3jrea b 
nyBCTBHTejiHOCT Ha oSeKTa ot HeroBHa pa3Mep. Pa36npa ce, HMa pa3JiHKa 
Meac/iy CbCToaHHe h CTpyicrypa. CtCToaHneTO Ha CHCTeMaTa cjie^Ba 
TepMOflHHaMHHHHa (J)opMajiH3'faM, kohto Moace jx& St^e npec^opMynnpaH c 
OTHHTaHe Ha e(j)eKTHTe Ha pa3MepHOCTTa (HanpHMep c npe^CTaBaTa 3a 
pa3KjiuHHU\o HaJimane). fleiicTBHeTO Ha ^ajienHHTe chjih Ha B3aHMOfleiiCTBHe 
b Meac/iy4)a30BHTe KOHTaKTHH 30hh Moace jx& ce MamnJiecTHpa c 
TepMOAHHaMHHHHTe BejiHHHHH jiuneuno Hanpeotcemie h moHKoe OMeza- 
nomemfuaji. Kbm yoiOBHjrra 3a MexaHHHHO paBHOBecne b TaKHBa cjio>khh 
KannjiapHH CHCTeMH TpaSBa #a ce ,zjo6aB»T h yoiOBHjrra 3a ycTOHHHBOCT Ha 
Te3H paBHOBecna. HaHOoSeKTHTe ^opn npn e^HO cbCTOjnme, HanpHMep 
KBa3HTenHO, MoraT jx& ce npoaBjraaT b pa3JiHHHH CTpyKTypn. TyK 
pa3HOo6pa3HeTO e MHoro ronaMO h to ^aBa B"b3MoacHOCT 3a pa3JiHHHH, necTO 
HeonaKBaHH, TexHHnecKH, Me/nrnHHCKH h Apyrn npHJioaceHna. Ebp30to 
pa3BHTne Ha HaHHayKaTa b noaneflHOTO ^eceTHJieTne b rojiHMa CTeneH ce 

ffbJDKH Ha T03H (j}aKT. 
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Ohjioco(|)ckh, couiiajiHii, eTHHHH h o6pa30BaTeJiHH acneKTH Ha 
HaynaTa 

HaHOHayKaTa #aBa oSnjiHa xpaHa 3a o6mn (Jjhjiococjdckh pa3CbacfleHHa 
(Baird et al, 2004). H3Becrao e, ne RBe flByMepHH 4>a3n He MoraT #a 
CbCbmecTByBaT b paBHOBecne (JlaH^ay & JiHCJDinnii, 1976; Toshev, 1995). 
Bene e nocTaBeH BtnpocbT jj,aim TpniviepHHaT cbst He e HHTep(|)eHC Ha 
CbCtmecTByBamH (j)a3H c no-BHCOKa pa3MepHOCT (Zwiebach, 2004). ToraBa 
ZiajiH HaHooSeKTHTe He ca BpaTa kbm CBeTOBe c pa3MepHocr, pa3annHa ot 
Tpn. TaKtB pofl Bi>npocH MoraT ,zja flOBe/iaT ^o rorpaac/iaHe Ha HOBa HaynHa 
napa/nirMa, kosto jx& ocnrypH pa3BHTHeTO Ha HOBa „HopManHa" HayKa no 
TepMHHcmorHjrra Ha Kuhn (1962) hjih Ha TBtp/io a/ipo Ha HOBa 
H3CJieflOBaTejiCKa nporpaMa no TepMHHoaornaTa Ha Lakatos (1970). Ha Ta3H 
ocHOBa Moace na ce rorpafln h hobo OTHomeHne kbm peanrnaTa, pa3JinHHO ot 
yTBT>pfleHHji b HamaTa CTpaHa n ynnaHine npHMHTHBeH aTerotM, xapaKTepeH 

3a KOMyHHCTHHeCKHTe pOKHMH. 

BnponeM npoTHBonocTaBaHeTO Ha HayicaTa n peanraaTa b yaHanmeTO 
h oSmecTBOTO e HenpaBOMepHO ot HaH-oSmn CboSpaacemia. floKaTO HayKaTa 
ce 3aHHMaBa eanHCTBeHO c 6h3npou3eoduMume (paKtnu h HeiiH ocHOBeH 
Seaer e doKa3am.ejicm.eeHocm.ma, to CBeTbT Ha pejiHranre (BapaTa) ce 
rorpaacaa aKCHOMaTHHHO npe3 TB-bpaeHna, kohto ce npneiviaT 6e3ycaoBHO h 
6e3 ^OKa3aTeacTBa h HOBeK e totob Ha TOBa, 3ampTO BapaTa ro aapaBa c 
Mopaa. CaeaoBaTeaHO HayKaTa n peanrnaTa HaivtaT aonnpHH tohkh, 3a aa 
6T>flaT cpaBHaBaHH h eBeHTyarao npoTHBonocTaBaHH. Ocb3HaBaHeTO Ha Te3H 
ocoSeHOCTH TpaSBa 3a 3anoaHe ome b ynnaHine, ho 3aTOBa ca HyacHH 
no/iroTBeHH yaHrean (Reiss, 2009; Glennan, 2009; Brook, 2010). 

HaHOHayKaTa HMa h cbohtc connaaHH H3MepeHna, kohto CBinp He ca 
oSeKT Ha AOCTaTtHHO BHHMaHHe aocera (Sweeney et al, 2003). npean 
bchhko TOBa e HaemrnjancanHaTa Ha eTHHHHTe h cou,nanHHTe npoSaeMH, 
nopo/ieHH ot ceranmoTO h StaemPTO pa3BHTHe Ha HaHOTexHoaorHHTe, KaKTO 
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h npoSjieMHTe 3a 3aKOHOBOTO perynnpaHe Ha TOBa pa3BHTHe (Fielder & 
Reynolds, 1994). J\aim bchhko, KoeTO ce npaBH b jiaSopaTopHHre b 
/rbjrrocpoHeH nnaH me Stfle ot non3a 3a oSmecTBOTO? (Weckert, 2001). 

Taia>B pofl BtnpocH HMaT h CBOHTe o6pa30BaTejiHH H3MepeHHa - 
HOBHTe noKOJieHHa H3CJieflOBaTejiH HMaT Hyaena ot no-o6ma o6pa30BaTejiHa 
napa/mrMa (Entwistle, 1990), kojito #a ce rpa/m npe3 aManraMaTa Ha 
'TBtp/iaTa' [hard] h 'MeicaTa' [soft] HayKa (Toshev, 2006). IlocTpoaBaHeTO Ha 
to3h hob o6pa30BaTejieH MOflen npeflnojiara pe# ot nooieflOBaTejiHH 
fleMcTBHa (multi-tired approach (Schummer, 2004), kohto BKniOHBaT KaKTO 

TaKCOHOMHSTa Ha TepMHHHTe, TaKa H OCHOBHHTe o6pa30BaTejiHH CTpaTerHH, 

npe^H bchhko KOHcmpyKmueu3Mhm (Gale & Steffe, 1995) h TexHHKHTe 3a 
noBHHiaBaHe ecjjeKTHBHOCTra Ha oSyneHHeTO (Entwistle, 1990). BwrpocbT 3a 
TaKcoHOMHaTa Ha TepMHHHTe, T.e. 3a e3HKa Ha oSmecTBeHHTe HayKH, HHKaK 
He e 3a no/meHJiBaHe, ocoSeHO b HainaTa CTpaHa, 3amoTO „Different social 
realities provide different experiences. They lead to different ways of seeing 
the world and consequently lead to different beliefs concerning our 
apprehension of the world" (Markova, 1982). 
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NANOSCIENCE AND NANOTECHNOGIES: 

PHILOSOPHICAL AND EDUCATIONAL 

DIMENSIONS - SELECTED BIBLIOGRAPHY 

FOR SCIENCE TEACHERS 

Abstract. Nanoscience is among the fastest growing academic fields. 
Pupils in secondary school do not get an idea of it. Certainly it is correct 
because secondary schools are taught by established and reliable facts and 
theories through which students will form their ideas about the world where 
they live. However, new developments in science engage students' attention 
and may stimulate interest in science. That's why such topics may be 
discussed when training students by projects and/or in extracurricular school 
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forms. Development of nanotechnology raises many philosophical questions, 
ethical and social issues for which teachers should have some idea. The article 
provides a selective bibliography on these issues - listed literature could 
facilitate teachers in shaping their opinion about these complex questions of 
the modern science. 



S3 Professor B.V. Toshev, 
Research Laboratory on Chemistry Education and History and Philosophy of 

Chemistry, 

Department of Physical Chemistry, 

University of Sofia, 

1 James Bourchier Blvd., 1164 Sofia, BULGARIA 

E-Mail: toshev@chem.uni-sofia.bg 



130 



Bulgarian Journal of Science and Education Policy (BJSEP), Volume 4, Number 1, 2010 



• Personalities in Science and Education • 



AJIEKCEH UIEJIYflKO (1920-1995): 
EHEJIHOrPAOHH 



B. B. TOUIEB 

CocpuucKu ynueepcumem „ Ce. KjiuMenm OxpudcKu " 



Pe3K)Me. CTarnjrra npefljiara nbjma 6H6jinorpa(bHJi Ha HaynHnre 
nySnHKauHH Ha npocb. rxr AjieKcen ^hmhtpob IIIejiyAKO (1920-1995), 6. 
ptKOBOAHTen Ha Kare/rpaTa no 4)H3hkoxhmhji Ha Cocjdhhckhji yHHBepcHTeT 
„Cb. KjiHMeHT Oxpn/iCKH", ^encTBHTejieH HJieH Ha BtnrapcKaTa aica/jeMmi Ha 
HayKHTe h Ha OSniorepMaHCicaTa aica/jeMmi „JIeonoimHHa", cbctobho 
H3BecTeH yneH, ochobohojitokhhk Ha StJirapcKaTa HayHHa niKOJia b oSnacTTa 
Ha KOJiOH^HaTa HayKa. 

Keywords: colloid science, interfaces, thin liquid films, disperse 
systems, phase formation, Scheludko 



CeMeima cpeAa 

AjieKceii ^hmhtpob IUejiyflKO e po#eH Ha 18 Man 1920 r. b rp. Xane, 
TepMaHHa. Eaina My, ^mhtphh Hjihh IIIejiyflKO (1892-1963) e yKpanHeu,, 
4>HJiojior, BJia/ieeji nncMeHO h roBopnMO 14 e3HKa, cnennajiHcr no 
Tpy6a/iypHTe h MHHe3HHrepnTe, no3HaBan Ha roneMHa (bpeHCKH noeT 



131 



MncTpaji. BnenaTJiJiBamo e, ne Tpy^OBeTe Ha T03H flOHeHT no (JDHJiojioraji b 
KbOJiH npo^tJiacaBaT j\a ce HHTHpaT b HayHHaTa jiHTepaTypa ^o /nrec. 

MaiiKaTa Ha AjieKceM IHenyflKO - Hopa e pofleHa b Cjihbch h e 
fltmepa Ha pycKH eBpenH - eMHrpaHT. Ta e cneflBajia b IIlBeHHapHJi My3HKa h 
cnaBaHCKa (JDHJiojiorna h no nooieflHaTa cnennanHOCT ce e ^nnjiOMnpana b 
Co(|)HHCKHa yHHBepcHTeT. Meac/iy nySjiHKaHHHre Ha Hopa IHenyflKO HMa 
e^pa^ c nemui cbq^quku 3a 6ama n - #-p HoaKHM TpaHeH (1859-1927). 
fltmepa Ha #-p TpaHeH e #-p BaneHTHHa TpaHeH (1897-1990) - nbpBaTa 
aceHa-xnpypr b BtJirapna, 6n.ua e HananHHK Ha xnpyprnHCKOTO OT^ejieHHe b 
IIjieBeHCKaTa Sojimma (1930-1932). IIo-KbCHo ,zj-p TpeHeH ce e npeMecTHJia 
b Co(J)Ha, KB/ieTO e HMana nacraa xnpyprHHecKa KJiHHHKa. fl-p TpeHeH 
acHBeeiue Ha yji. „XaH Acnapyx" b Co(|)hji h npo(J)ecop IIIejiyflKO xpaHeuie 
TonjiH nyBCTBa ki>m Jiena ch. 

^mhtphh IHenyAKO etc ceMeMcTBOTO ch e TpaSBano na HanycHe 
TepMaHHa KaTO b BtJirapna e cmchhji h HayHHaTa ch TeivtaTHKa. TyK toh e 
no3HaT KaTO cneHHanHCT Btpxy StnrapcKOTO B^paac/iaHe, yicpaHHCKaTa 
JiHTepaTypa h Tapac IHeBHemco. 

BMecro npeAHCJioBHe 

TyK e npeACTaBeHO HHrepBK) c npo(J)ecop IIIejiyAKO, 3) 3a KoeTO Hma 
CBe/ieHHa, ne HaKora e 6hho nySjimcyBaHO. OcTaBa Hen3BecTHO koh e 
3a/iaBaji B^npocHTe, hhhto OTroBopn me nponeTeTe no-flOJiy. Bt,b bcckh 
CJiynaii to3h TeKCT HancTHHa e floStp yBOfl kbm cnncbKa Ha nySjimcaHKHTe 
Ha npocj). IHenyAKO, 3ampTO toh no aBTeHTnneH HanHH pa3KpnBa scho h apKO 
jiHHHOCTTa Ha aBTopa ch. 
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A. IUenydno (1920-1995) 

3aujo npednouemoxme xuMunma? Kaxea pom uzpae dapOama e 
nayHHomo meopuecmeo ? 

<I>H3HKaTa BHHarH mh ce e CTpyBajia HaM-HHTepecHaTa HayKa, 3amoTO 
Ta e b ocHOBHTe Ha ecTecTB03HaHHeTO. Cjie^Bax BtnpeKH TOBa xhmhji, 
3amoTO no OHOBa BpeMe paSoTa b jiaGopaTopHH 3a (J)H3hli,h romaine. BtB 
(J)H3HK0XHMHaTa HaMepHx none 3a npmioaceHHe Ha aoShthtc xhmmhcckh 
3HaHHa b CBneTaHHe c HHTepecHTe mh io>m (|)H3HKaTa. 

YcnexBT b HaynHOTO flnpeHe ce onpeflena ot MHoro (jjaKTopn: ot 
HHTepecHTe Ha H3CJie#OBaTejia h HeroBaTa pa6oTOcnoco6HOCT, ot 
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oSeKTHBHHTe h cySeKTHBHHTe BtSMoacHOCTH 3a pa3peniaBaHeTO Ha rslrqii 
npoSjieM, ot TOBa naim e H36paH nepcneKTHBeH npoSneM h noflxoflam ntT 3a 
peniaBaHeTO My, ot TOBa naim hjikoh Apyr fflMa #a nonynH npeflHHHa b 
HayHHOTO cbCTe3aHHe. Koe ot Te3H h Apyrn oScTOjrrejiCTBa BJiroa b ctCTaBa 
Ha noHaTHeTO #ap6a 3a mch e Btnpoc, kohto ocTaBa HeroacHeH. 

Hjvia jiu dmc MHcmo 3a 3HcmumejiHU nayuHu omxpumun? Hjvia nu 
zojieMU omKpumuH u omxpueamejiu e o6nacmma, Khdemo padomume? 

He mh rorjieacfla BapHO MHeHneTO, ne roneMHTe otkphthji b HayicaTa 
Bene ca HanpaBeHH h ocTaBa jx& ce ^opaSoTBaT fleTaiijiH. HayicaTa b cbocto 
pa3BHTne pa3KpHBa Bee hobh npoSneMH h npeflCTaBa hobh mctoah 3a 
tsxhoto pa3peiuaBaHe. cDaicr e, ne cpaBHHTejiHO HeoT/iaBHa, AHHmaiiH 
ochobho npeo6pa3yBa c Heo6o3pHMH nepcneKTHBH e/pia ot HaM- 
3aB"bpHieHHTe HayKH - MexaHHKaTa. ^.HeiuHHaT Hanpe/rbK b SnojiornaTa 
Cbmo e {JDyH/iaMeHTajieH. ^hchihoto cbCToaHne Ha HayKaTa ce 
xapaKTepH3npa c Bee no-rojiaMaTa Tpy/jHOCT j\& ce npHnnuie jx&jxquo 
OTKpHTne Ha flafleH aBTop. TonKOBa e HapacTHan SpoaT Ha paSoTemnre b 
noneTO Ha HayKaTa h TeMHbT Ha HeMHOTO pa3BHTHe, ne HOBHTe pe3yjrraTH 
oShkhobcho ce nojiynaBaT b pa3JiHHHH BapnaHTH e^HOBpeMeHHO Ha MHoro 
MecTa, KaTO BcaKa OTflenHa no-3HaHHTejiHa paSoTa ce OKa3Ba BnneTeHa b 
oSihhji noTOK. Bee naK rrqc Bee ome ce noaBJiBaT oSeflHiuiBamH hikojih, 
jihhhocth h OT^enHH HayHHH nocTHaceHHJi. B HaH-6jiH3KaTa jxo MeH oSnacT 
TaKHBa H3ni>KBamH jihhhocth ca HanpHMep B.B. ^eparHH b CCCP - 

(j)H3HKOXHMHJI Ha nOBtpXHOCTHTe H HaiHHJIT 3a6eJie>KHTeJieH CBOTeHeCTBeHHK 

P. KannieB - KpncTanH h KpncTaneH pacreac. 

3a cfaacaneHHe He cbm b cbCToaHne m mm ctBeT KaK ce npaBaT 
3HaHHTenHH HayHHH otkphthji. Ako TOBa mh Seme H3BecTHO, caM max j\& ce 
B"b3noji3BaM ot Hero. BtoSme TaiiHaTa Ha HayHHOTO TBopnecTBO ch ocTaBa 
3acera TaiiHa, b kojito HayKaTa ome He e npoHHKHana. ToBopn ce HanocjieffbK 
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3a HeoSxoflHMOCTTa, na flopn ce h nnaHHpa cb3flaBaHeTO Ha HayKa 3a 
pa3BHTHeTO Ha HayKaTa. KaKBO me H3Jie3e ot Te3H npoeKTH me noicaace 
StflemeTO. 3acera ocTaBa #a ce npenoptnaT SjiecTainnTe (JDenjieTOHH Ha 
Kapen HaneK 3a TOBa KaK ce npaBH BecTHHK, 4)hjim h TeaTpanHO 
npeACTaBJieHHe. 

KaK npednomimame da padomume - caM ujiu e KOJiexmue? 

MHoro no-JieKO h npHjrmo ce paSoTH b KoneKTHB. BnponeM 
noHaTHeTO KOJieKTHBHa paSoTa b HayKaTa e no-cnoacHO. To oSxBama He caisio 
HenocpeACTBeHOTO cbTpyflHHnecTBO h flopn eKcrniOTanHjrra Ha KOJiern, ho h 
TOBa fla ch Ha ptSa Meac/iy no3HaTOTO h hoboto h jx& TbpcHin noaneflHOTO 
3ae#HO c Apyrn yneHH, na MaKap Te j\& pa6oT»T Ha xHJia/iH khjiomctph ^anen. 
TaKOBa ^pyrapcTBO b HaynHOTO /nrpeHe e xapaKTepHa ocoSeHOCT Ha bchhkh 
oSnacTH Ha HayKaTa h HeroBaTa HHTeH3HBHOCT e npn3HaK 3a TOBa, ne 
^a/iemurr npoSjieM ce pa3BHBa ycneuiHO h e HancTHHa aKryaneH h 
nepcneKTHBeH. A3 cbm macTJiHB, ne HenocpeflCTBeHO cbTpy^Hnna b 

KOJieKTHB OT TajiaHTJIHBH h eHTycHa3HpaHH KOJiern H ne CbM B TSCHa BpB3Ka c 

pe^HLta 3a6ejieacHTejiHH yneHH, nptCHaTH no nan cb»t. To3h kojickthb e 
HeoneHHMa no^Kpena h h3tohhhk Ha cnrypHOCT b paSoTaTa. 

Kaxeo iqe Kaotceme 3e npodjiejua „ 6au\u u deija " e Hayxama ? 

To3H npoSjieM BKHarn e cbinecTByBan h me cbinecTByBa ^OKaTO 
CBeTtT ce pa3BHBa h /jenaTa pacTaT npn ycnoBHa, pa3JiHHHH ot Te3H npn 
kohto ca ce o(J)opMajiH SamHTe. H kojikoto TeMnoBeTe Ha pa3BHTne ca no- 
StpsH, TOJiKOBa no-rojiaMa e pa3JiHKaTa b CBeTorneAa h B"b3MO>KHOCTHTe 
Meac/iy noKOJieHHjrra. B HayKaTa to3h npoSjieM e MHoro octt>p h npn 
^HeniHOTO CBCToaHHe Ha ycTpeMHO pa3BHTne ocoSeHO noflnepTaHO rontKBa. 
,H,Hec, noBene otkojikoto b MHHanoTO, HanpefltKbT b HayKaTa H3npeBapBa 
B-b3MO>KHOCTHTe Ha yneHHJi #a ce no Alpaca Ha hhbo npe3 nejina ch TBopnecKH 
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acHBOT. ToBa ocoSeHO ce npoaBaBa bt>b BB3MoacHOCTHTe 3a H3noji3BaHe Ha 
hobh MeTO^H, hobh noflxoflH h b HacTHOCT Ha hob MaTeMaTHHeH anapaT. 
CTpeMeacbT Ha hskoh yneHH jx& 3ana3aT Ha BcaKa ueHa ptKOBOflHaTa ch poaa 
h (j)yHKHHH rn npeBptma b cnnpanKa 3a pa3BHTHeTO Ha HayKaTa. TpaSBa jxa. 
ce pa36epe HaBpeMe oSckthbhoto cbCToaHne Ha HemaTa h jx& ce ^aBa hi>t Ha 
MJia/jHTe h Ha hoboto. CTpyBa mh ce, ne Te3H ctoSpaaceHHa ca b cnjia h 3a 
Apyrn oSnacTH Ha acHBOTa. 

He me cbMHeHne, BnponeM, ne no-HanpeflHanaTa Bi>3pacT HMa CBOHTe 
npeHMymecTBa. ToBa ca HaTpynaHHaT onHT h 3HaHHa. floKora, oSane, Te3H 
npenMymecTBa KOMneHcnpaT HeroSeacHOTO H30CTaBaHe h noHHaceHHe Ha 
pa6oTOcnoco6HOCTTa, e mhoto Tpy/jHO jx& ce Kaace. Bi^MoacHOCTHTe Ha 
OT/iejiHHTe xopa ca MHoro pasaHHHH, KaKTO h oSaacTHre, b kohto Te paSoTaT. 
3aTOBa HopMaTHBHOTO onpeaeaaHe Ha npeaeaHa Bt3pacT 3a yneHHTe e 
HecnojiyHJiHBO penieHne. 

Pa36npa ce ropHOTO ce oraaca 3a aoSpoKanecTBeHHTe H3caeapBaTeaH. 
MacoBH3HpaHeTO Ha HayKaTa 3a cbacaneHHe 3acnaBa noTOKbT b Hea Ha MHoro 
Hero^HH Kaapn. ToBa ce Maaaeacn, npn kohto eHTycHa3MT>T, CMeaocrra h 
aiviSHHHaTa aa HanpaBaT Hemo xySaBO, ca 3aMecTeHH ot HaxancTBO h 
KapHepH3"faM, h no-BMpacTHH aeaTean, kohto BMecTO HaTpynaH onHT h 
3HaHHa, npHTeacaBaT 6e3oraeaeH cTpeMeac aa KOMaHaBaT h aa noa3BaT 
oSaarnre ot TOBa. 3a TaKHBa TpaSBa MeTaa, KoaTO roraeacaa ome He e 
H3MHcaeHa. 

C kcik60 epeMe 3a naynna padoma pa3noJiaeame? 

3a CbacaneHHe BpeivteTO, c KoeTO pa3noaaraM 3a HayaHa pa6oTa e 
KpaiiHO HeAOCTaTtHHO. IioayaaBa ce TaKa, ae aoKaTO e^HH H3caeaoBaTea e b 
nponec Ha HaBJiroaHe b HayaHaTa paSoTa, toh pa3noaara OTHOCHreaHO c 
noBeae BpeMe, a KoraTO ce o(|)opMH h Bene e b cbCToaHne aa peaiiH3Hpa 
HaTpynaHHa onHT, Btpxy Hero ce CTOBapBaT 6e36pon CTpaHHHHH 
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3affbJiaceHHa, KOHTO CHbBaT HayHHOTO AHpeHC B T03H CMHCbJI 

opraHH3au,HaTa Ha HaniaTa paSoTa e Kpainio HectBbpnieHa. Ho He caMO b 
to3h CMHCbJi - ecTecTBeHHjrr h nporpecHBeH CTpeMeac 3a H3noji3BaHeTO Ha 
HayKaTa bbb bchhkh oSaacTH Ha acHBOTa ^OBe/ie ^0 TOBa, ne b ynpaBJieHHeTO 
Ha HayKaTa ce HaMecTBaT CTpaHHHHH, He3ano3HaTH c HeHHara cneinHJDHKa 
xopa, kohto ce onnrBaT npe3 HenpeMHCJieHH h SiopoKpaTHHHH npHHOMH jx& a 
HacoHBaT. C TOBa, ocbch H3JIHHIHO rySeHe Ha mhoto chjih h Bpeivte, 
pa3BHTneTO Ha HayKaTa ce OTKnoHaBa ot HeMfflia ecTecTBeH h onTHManeH 
m>T, kohto ce onpeflejia ot ycaoBHaTa Ha paSoTa, Hyac^HTe Ha acHBOTa, 
BtSMoacHOCTHTe h HHTepecHTe Ha yneHHa h Haii-BaacHOTO ot BtipeniHaTa 
jiornKa Ha pa3BHTHeTO Ha HayKaTa, ko»to jiorHKa onpefleaa oSckthbho h 
eAH03HanHO nocoKaTa h paMKHie, b kohto oneflBa jx& ce paSoTH. 

Koe e Bawemo xo6u? Kaxeo iqe Kaotceme 3a ept3Kama Meotcdy 
(popMama u chdhpzKaHiiemo? 

A3 MHoro oSnnaM My3HKaTa h ocoSeHO Bax. IIjieHaBa Me HeiiHaTa 
AtJiSoKa BtTpeniHa JiornKa h e/nio3HaHHOCTTa Ha penieHnaTa Ha roneMHTe 
My3HKaHTH. Y^HBHTejiHO e, ne b orpoMHOTO TBopnecTBO Ha Bax H3KOH TeMH 
ce cpemaT noHTH eflHaKBO pa3pa6oTeHH b HaH-pa3JiHHHH nporoBe/ieHHa, 
KoeTO AOKa3Ba, ne e HaMepeHO aScoaiOTHOTO penieHne. B flpyrn cjiynan hbk 
TeMaTa e pa3BHia pa3JiHHHO Ha paBJiHHHH MecTa, ho c noflnepTaHO 
xpoHOJiorHnecKH noaneflOBaTejiHO ycbBtpnieHCTBaHe, noflCKa3Bamo, ne me 
ce noaBH, MaKap h He ome HaMepeHO, aScoaiOTHO penieHne. CipyBa mh ce, ne 
My3HKaTa e HMeHHO OHOBa H3KycTBO, KoeTO ce noflHHHaBa HaM-CTporo Ha 
oSeKTHBHHTe 3aKOHH. HeiiHHaT ocoSeHO no^HepTaH aScTpaKieH xapaKTep a 
po/iee c MaTeMaTHKaTa, MaKap no-ejieMeHiapHa, ho 3aTOBa m>K no- 
CbBtpnieHO BtTpeniHO rorpa/ieHa. Moace 6h 3aTOBa My3HKaTa ce xapecBa Ha 
MHoro yneHH. Hmchho cbBtpnieHCTBOTO Ha KnacnnecKaTa My3HKa npaBH 
HeB"b3MoacHO paB^eJiaHeTO b Hea Ha (jjopMaTa ot cbfltpacaHHeTO. 
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BtnpocbT 3a (J3opMaTa h cbffbpacaHHeTO b HayKaTa ce Hyac/iae ot 
yroHHaBaHe. HanHHtT Ha H3JioaceHHe, KOHCTpyKHHjrra, e3HKbT, KanecTBOTO 
Ha nepTeacHTe, a flopn noHaKora npeu,H3HOCTTa, He ca peuiaBamn 3a e^Ha 
HayHHa paSoTa. H/iejrra oSane Ha e^Ha paSoTa h cpe^CTBaTa - TeopeTHHHH h 
eKcnepHMeHTanHH, 3a hchhoto pa3peuiaBaHe ca b ^bJiSoKa BtTpeuiHa Bpi>3Ka. 
CtOTBeTCTBHeTO Meac/iy Tax b rojiaMa CTeneH onpefleJiji KpaHHHa pe3yjiTaT. 
E/iHa cepno3Ha h 3HaHHrejiHa HayHHa TBopSa ma cboji coScTBeHa KpacoTa, 
onpeflejuima ce tt>kmo b xapMOHHjrra Meac/iy H^eaTa h HsntJiHeHHeTO. B T03H 
cmhcbji e^HO HayqHO npoH3BeAeHHe e cpo^HO Ha e^HO npoH3BefleHHe Ha 
H3KycTBOTO. Bchhko TOBa Ka3BaM, 3a jx& noflHepTaa ^-bjiSokoto ch 
ySeayjeHHe, ne bcjiko nocTHaceHHe Ha HOBeuiKaTa KyjiTypa, b TOBa hhcjio h Ha 
HayKaTa, TpaSBa j\& ce ueHH ^ajien He caMO no OHe3H HenocpeflCTBemi 
npaKTHnecKH OTpaaceHHa, kohto to jxa&a. b acHBOTa. 3aTOBa jx&jm h ^okojiko 
jx&jxqko KyjiTypHO nocTnaceHHe me 6T>fle onoji30TBopeHO ca OTroBopHH 
yanoBHjrra h opraHH3au,Hjrra b oSihcctboto. H HaMa 3amp Ta3H OTroBopHOCT 
#a ce CTOBapBa h3hjuio Btpxy nnemHTe na KyjiTypHHTe /jejuni. PaHO huh 
kbcho bcsko hobo HayHHO OTKpHTHe, kojikoto h aScTpaKmo jx& e to, me 
oScjiyacH oSmecTBOTO. 3aTOBa Ha yneHna, KaKTO h Ha BceKH Apyr KyjiTypeH 
jXQwiQji, oleosa ^a ce npeflOCTaBjrr npeflH bchhko Han-rojieMH B"b3MoacHOCTH 
JX& ce 3aHHMaBa cboSo^ho c npaKaTa ch TBopnecKa /ieHHOCT. MHoro BpeflHH 
ca cnope/i MeH BynrapHHTe cneKynauHH c H3BecTHHTe {J)opMyjiH 3a „HHCTaTa 
HayKa", „HayKa, OTKbCHaTa ot acHBOTa" h 3a „KynaTa ot cjiOHOBa koct." 4) A3 
HHKora HaMa jx& 3a6paBa KaK b Ta3H Kyna y Hac h b CtBeTCKna ci>io3 £0 
HeoT/iaBHa 6axa HacTaHaBaHH BenHKH reHeTHHH. Moace h cnrypHO TpaSBa jx& 
ce cnopn 3a (J)opMaTa h cb^tpacaHHeTO, ho He 6nBa jx& ce j\a&& hbt Ha 
BynrapH3aHHjrra h npHMHTHBH3Ma. 
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Bn6.morpa(|)HH 

HacToamaTa 6H6jiHorpa(j)Ha Ha Tpy^OBeTe Ha npocj). IIIejiyAKO 
HaBapHO e Han-ntJiHaTa ot H3#aBaHHTe p,o cera. IIpH KOMnHJinpaHeTO Ha 
6H6jiHorpa(|)HaTa ca H3noji3BaHH h no-CTapn jiHTepaTypHH h3tohhhhh 
(Toshev, 1977; Toshev & Fabrikant, 1997; TouieB 1997), ho ca npoyneHH h 
Apyrn AOKyMeHTH h apxHBHH MaTepnajiH. 
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3aKJiioHeHiie 

KaTe/ipaTa no (|)H3hkoxhmhji npn Ccxjdhhckhji yHHBepcHTeT „Cb. 
KjiHMeHT OxpHflCKH" e Cb3flafleHa b Kpaa Ha 1925 r. ot npocj). #-p HBaH 
CTpaHCKH. KopeHHTe Ha nponyraTa StJirapcica (|)H3HK0XHMHHHa uiKOJia ca b 
TOBa yHHBepcHTeTCKO 3BeHO. IIpo<f>. A-p PocTHCJiaB KanuieB h npocj). axh 
AjieKcen IIIejiyAKO ca cneflBainnTe no pe# ptKOBOflnrejin Ha KaTe/ipaTa no 
4)H3hkoxhmh5i. B to3h nepnofl ce nocTaBHxa h KopeHHTe Ha StJirapcKaTa 
HaynHa niKona no KOJiOH^Ha xhmm, 3acjiyraTa 3a KoeTO npHHaAJieacH Ha 
npo(j). IIIejiyAKO. B cneflBaniHTe toakhh Kare#paTa no (|)H3hkoxhmhji e 
ptKOBOAeHa ot npo(j). #xh J\kmo IIjiaTHKaHOB, npocj). axh Eopjm Pa/ioeB n 
npocj). flXH BopncjiaB TomeB. Bt>b Bpt3Ka c 80 roflHniHHHaTa Ha KaTe/ipaTa 
no cJ)H3hkoxhmhji 6e ct3/wieH KnyS Ha npnaTenHTe Ha Kajeppaja, kohto 
oSeAHHaBa xopa ot EtJirapna h nyacSHHa, eMOUHOHajmo hjih 
npo^ecHOHajmo CBi>p3aHH c TOBa yneSHO-HayHHO 3bcho. IIoHacToameM 
ptKOBOAHTeji Ha KaTQppara no (J)H3hkoxhmhji e npo(|). #xh XpncTHjm 
BacHJineB. 




IJhpeume phKoeodumejiu Ha Kamedpama no <pu3ukoxumum 
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,H,Hec KaTe/ipaTa no 4)H3hkoxhmhji e CTpyKTypnpaHa b 5 yneSHO- 
HayHHH jiaSopaTopHH: JlaSopaTopna no noBtpxHOCTHn aBJieHna n ^HcnepcHH 
cncTeMH (npocj). /txh BopaH Pa^oeB), JlaGopaTopna no 6ho(])H3hkoxhmh5i 
(npo(|). axh HBaH riaHanoTOB), JlaSopaTopna no <|)H3hkoxhmh5i Ha TBtp/iOTO 
tsjio (aou,. A-p Ctojih ryn,OB), JlaSopaTopna no KBanroBa n H3HHCJiHTejiHa 
xhmhh (flou,. fl-p Ana Ta,zpKep) n JlaSopaTopna no xhmhhccko o6pa30BaHne n 
ncTopna n (|)HJioco(|)Ha Ha xHMHaTa (npocj). rxr BopncnaB TomeB). Ochobho 
sflpo b HayHHaTa TeMaTHKa Ha KaTe/rpaTa, oSane, npoA"bJi5KaBa #a Stfle 
KOJiOHflXHMHHHaTa npoGjieMaTHKa h ochobch HayneH kojiokbhym (cbBMecTHO 
c HHCTHTyTa no (])H3hkoxhmh5i Ha EtJirapcKaTa aKa^eMHa Ha Hayiarre) e 
„Scheludko Colloquium on Collods and Surfaces", ptKOBOAeH cera ot aica/i. 
Axh floHH EKcepoBa. 




K)6uneu na aKad. Excepoea (2005) - om nneo na dncno (cednanu): ff. 
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Touiee, B. Onneea, E. Manee, C. Maneea, A. Tadotcep, X. Bacunuee 
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ALEXEI SCHELUDKO (1920-1995): 
BIBLIOGRAPHY 



Abstract. All publications, written by Prof. Dr. Alexei Scheludko 
(1920-1995), are listed. Prof. Scheludko, f. head of the Department of 
Physical Chemistry, University of Sofia, and an active member of the 
Bulgarian Academy of Sciences, is a founder of the scientific school of 
colloid science in Bulgaria. He is among the most eminent Bulgarian scholars. 
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